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THE ROYAL AERONAUTICAL SOCIETY 
WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS. 


MONTHLY NOTICES, 
SEPTEMBER, 1940. 


Society’s Emergency Address. 

It should be made clear that although the Society has published from time to 
time in the Journal its emergency address and telephone number (which can be 
used at any time alternatively with those of the Society), the Society functions, 
and has functioned from the beginning of the war, from No. 4, Hamilton Place, 
W.1. It will continue to function from London as far as possible, even though 
some of the staff may have to be moved, others will continue in London itself 
It is obvious that events may make things difficult and cause a certain amount 
of delay, and members are asked to bear these events in mind. 


The emergency address is— 
Brook House, 
Old School Lane, 
Brockham, Surrey. 
Telephone: Betchworth 180. 


Associate Fellowship Examinations. 
4 Candidates for the examination in December, 1940, are reminded that entries 
must be received by the Secretary not later than September 30th, 1940. 


Library. 
The Library will be re-opened on Saturday afternoons on and from Saturday, 
October 5th, 1940. The Library hours are 9.30—5 p.m. weekdays and 


9.30—12.30 p.m. on Saturdays (from October 5th onwards 2—5 p.m.). 


Election of Members. 
Associate Fellows.—William George Morgan, Alfred James Nicholas 
(from Associate). 
Associates.—John Love (from Student), Maung Sway Tin. 
Graduates.—Peter Robert Allison (from Student). 
Students.—lan Murray Williamson. 
Companions.—Harry Barnes (from Student). 


Elliott Memorial Prize. 

The Elliott Memorial Prize has been awarded to Aircraft Apprentice R. 
Burrows, who has obtained the highest marks in the General Studies Examination 
of the January, 1939, entry. 


Acknowledgment. 


The Council acknowledge with thanks the gift of Journals from Mr. Dennis 
Cowan, Companion, and the gift of a number of handbooks from Mr. T. S. 
Lofthouse, Associate. 
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Additions to the Library. 
*E.f.66-68.—Aeroplane Maintenance and Operation. Edited by E. W. Knvit. 
George Newnes, Ltd. 1939-40. (Issued in 4o weekly parts; five vo's., 
bound in three vols.) 
E.f.69.—Metal Aircraft for the Mechanic. (2nd Ed.) J. Healey. Sir Isaac 
Pitman and Sons. 1940. 5/-. 
J.b.13.—India Meteorological Dept., Scientific Notes. Vol. VIII, No. 88. 
A Historical Note on the Standard for the Measurement of Atmospheric 
Pressure in India. J. M. Sil. 1940. 1/-. 
].b.14.—Burma Meteorological Dept. Meteorological Organisation for .\ir- 
men (1939). 1940. 
J.e.2.—Royal Meteorological Society. Memoirs, Vol. II: 
No. 11. Monthly Mean Values of Radiation from various parts of the 


Sky at Benson, Oxfordshire. W. H. and L. H. G. Dines. 1927. 


2/0. 
No. 12. Periodicities in the Nile Floods. C. E. P. Brooks. 
No. 14. Correlations of World Weather and a Formula for Forecasting 
the height of the Parana River. E. W. Bliss. 1928. 2/6. 
C. A. Hart. Longmans, 


1928. 2/6. 


L.j.78.—Air Photography Applied to Surveying. 
Green and Co. 1940. 25/-. 
Q.d.43.—The Capital Market of Japan. 
UL.3.—Scientific Papers of the Institute of Physical and Chemical Research, 

Tokyo. No. 965. Nos. 966-973. 1940. 
12.—Transactions of the Chartered Institution of Patent Agents. Vol. 
LVII. Session 1938-39. 


Japan Economic Federation. 1940. 


*X.e.43.—The British Imperial Calendar and Civil Service List, 1940. 


H.M.S.O.  5/-. 


* Books marked thus may not be taken out on loan. 


J. LAURENCE Pritcuarp, Secretary and Editor. 
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The 651st Lecture read before the Royal Aeronautical Society since 
its foundation on January 12th, 1866. 


THE 1940 (28TH) WILBUR WRIGHT MEMORIAL LECTURE. 
PROCEEDINGS. 


At a meeting of the Society, which was held at the Institution of Electrical 
Engineers, Victoria Embankment, London, on Thursday, May 30, the 28th 
Wilbur Wright Memorial Lecture was delivered by Dr. H. Roxbee Cox. 

In the Chair: Lieut.-Col. J. T. C. Moore-Brabazon, M.C., F.R.Ae.S. 
Member of Council, and a Past-President of the Society. 


The CHAIRMAN: The President of the Society being abroad, he had been asked 
“to preside at this very important lecture. Captain Pritchard, the Secretary, had 
sent the following telegram to Mr. Orville Wright :— 

‘*On May 30, Dr. Roxbee Cox will deliver the 28th Wilbur Wright Memorial 
Lecture before the Royal Aeronautical Society on the future of British civil 
aviation. His subject was deliberately chosen at a time when the acroplane is 
being so grievously misused. Convinced that ultimately the aeroplane will bring 
about a world understanding, my President, Council and Members send you 
their most cordial greetings and look forward with the utmost confidence to 
repeating their annual message to you for many years to come.”’ 
Continuing, the Chairman said that a telegram had been received from the 

analogous body in America, the Institute of Aeronautical Sciences, which read 
as follows :— 

‘* Please convey to everyone our esteem and high regard on the occasion of 
the Wilbur Wright Memorial Lecture.’’ 

A message had also been received from the President, who had taken such an 
enormous interest in the Society, as follows :— 

‘* Best wishes for lecture and dinner. Please convey to all my regrets for 
absence.”’ 

Remarking that the Wilbur Wright Memorial Lecture was the most important 
lecture of the year for the Society, the Chairman said it was instituted in order to 
keep ever green the memory of one of those two brothers who were the true 
inventors of flight. This lecture would continue, he hoped, for ever, although 
the personal knowledge of those two brothers would soon be no more—but it was 
not so to-day. There were present that evening several who knew Wilbur Wright 
well, and he was happy to include himself as one of them. They looked upon 
Wilbur Wright then, as they did now, as a superman, for he was a superman; 
but from the personal side he was extremely interesting. He had great simplicity 
of character. He was a man of few words. He was a man who took some time 
to know, but when one was accepted by him, one could not help loving him, and 
he always remained a friend to be treasured and honoured. Posterity would not 
forget the work of those two brothers. Those who knew Wilbur Wright well 
would never forget him as a man. Great work and great character did not always 
go together, but in this case it was so. Wilbur Wright was a great character. 
The brothers Wright always had a soft spot in their hearts for the Royal Aero- 
nautical Society, and that was due to the fact that they were introduced to England 
and to the ranks of the Royal Aeronautical Society in this country by Mr. Griffith 
Brewer, who was their guardian angel here and also their friend. They always 
deemed themselves fortunate that they were introduced to Europe under his advice 
and under his cloak. 

It was only right at a time like this to stress also the idealism of these two men 
and of the early workers in aviation. Flight, indeed, was a physical triumph that 
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man dreamed of. It offered so much to transportation and the shrinking of the 
world in size, and the hope was that by bringing countries nearer together and 
enabling one to know one’s neighbours better, they would bring about peace and 
understanding. That was the ideal these early workers dreamed of, and for which 
so many of them died. The mechanical sciences rushed along so swiftly as to 
out-pace the wisdom of man. Surely it could not be that what had been produced 
was a juggernaut to destroy the very civilisation that brought it about? But 
there was the risk. The prostitution of this divine gift of flight to military ends 
would come as a shock, he knew, to Wilbur Wright, if he were to come back to 
us to-day. However, the Royal Aeronautical Society intended, as was its duty, 
to stick to the scientific side. These lectures took place during the last war, and 
it was their determination to continue them during the present war, even if it 
became necessary to hold them, like the early Christians, underground in 
catacombs. 

In aeronautics, to deliver a Wilbur Wright Memorial Lecture was to become 
immortal. The list of names of previous lecturers was a long one and also a very 
distinguished one, and on the present occasion there was soon to step forward 
someone who was young, clever and ornamental, to deliver the 28th Lecture. He 
was indeed to be envied by all present. Dr. Roxbee Cox, the lecturer, received 
his scientific education at the Imperial College of Science, where so many of one’s 
friends in the aeronautical world received such training. Leaving there, Dr. Cox 
went to the Austin Works between 1918 and 1920, where he gained experience on 
the practical side. After that, he was part designer of the R.101 at the Royal 
Airship Works, and later became technical officer—and afterwards principal 
scientific officer—to the Royal Airship Works. He was Visiting Lecturer to the 
Imperial College of Science, but it was not permissible to say what he was now 
doing. He was what was called ‘‘ on loan ’’ to the Air Ministry. 


LOOKING FORWARD. 


PROLEGOMENA FOR A DETAILED STUDY OF THE FUTURE OF 
BRITISH CIVIL AVIATION. 


By Cox, Pad: DAC., B-Sc., A.F.1.Ae.S., 


Chief Technical Officer, Air Registration Board. 
1. INTRODUCTION. 


2. THE IMMEDIATE PAST. 
1. The Committee Period. 
2.2. The Initial War Period. 


2. 


3. THe Aims oF BriTIsH CiviL AVIATION. 


4. THE MEANS OF REALISATION. 
4.1. The Job to be Done. 
4.2. The Controlling Authority. 
4.3. Operation. 


4.31. The Atlantic Route. 
4.32. The Empire Route to Africa and the East. 
4.33. The European Routes. 
4.34. The National Routes. 
4-4. Regulation and Safety. 
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4.41. Inherent Safety. 
4.42. Extraneous Safety. 
4-43. Accident Investigation. 
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4-5. Design and Construction. 
4.51. The Design Problem. 
4.52. Design Initiative and Policy. 
4-53. The Influence of Airscrew Position. 
4.54. The Influence of Size. 
4.55. Landplane or Seaplane? 
4.56. Pressure Cabins. 
.57- Study of Form. 


4.6. Research and Development 
4.61. Organisation. 
4.62. Nature of Future Investigations. 
4.7. Education and Training. 
4.8. Economics. 
4.81. Finance. 
4.82. Internal Economy. 
4.9. Co-ordination. 
5. SURVIVAL 1N TIME. 
6. CONCLUSION. 
6.1. Summary. 
6.2. Acknowledgments. 
APPENDICES. 
I. DUTIES OF THE AIR REGISTRATION BOARD. 
I]. SUGGESTED TERMS OF REFERENCE OF THE Civil. AVIATION DEVELOPMENT 
CoMMITTEE. 
II]. PROGRAMME oF CIvIL DESIGN, AND DEVELOPMENT. 
IV. Loab STOWAGE CONSIDERATIONS IN THE DESIGN OF LARGE AEROPLANES. 
V. List or REFERENC ES. 
TABLES. 
I. Route Mileages and Passenger Trafic of Leading Countries (§3). 
II. Main Routes Joining the British Empire to the Rest of the World prior 
to September, 1939 ($3). 
II]. The Main Constituents of Civil Aviation ($4.2). 
IV. Pan-American Airways North Atlantic Northern Route Timetable for 
Summer, 1939 ($4.31). 
V. Non-Stop Service between Great Britain and North America ($4.31). 
VI. British and U.S.A. Civil Accident Rates ($4.4). 
VII. Internal Space Figures for Aeroplanes of about 500 miles Range (Appendix 
IV). 
VIII. Internal Space Figures for \eroplanes of Ranges between 1,000 and 2,000 
miles (Appendix IV). 
FIGURES. 
1. Junction Airport System ($2.1, $4.34). 
2. Air Lines of the British E mpire ($3). 
3. Main Air Lines joining the British Empire to the Rest of the World ($3) 
4. Non-Stop Service between Great Britain and North America—Effective Time 
of Flight v. Airspeed ($4.31). 
Possible Overnight Passenger and Mail Services between Great Britain and 
North America ($4.31). 
6. Ice Formation on Wings ($4.413) 
7. Arrangements of Tractor and Pusher Airscrews ($4.53). 
8. The Ratio of Surface to Volume for Wings and Fuselages (Appendix IV). 
9. The Stowage Space in a Wing (Appendix IV). 
10. Stowage in Wings and Fuselage, 6 ft. head room limitation ($4.54 and 
Appendix IV). 
11, Minimum Size of True All-Wing Aeroplane ($4.54 and Appendix IV). 
12. Thinning of Fuselage with Increasing All-up Weight (Appendix IV). 
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13. Cruising Speeds of Aeroplanes of Different Proportions ($4.54 and Appendix 
IV). 

14. Junkers G-38 ($4.54). 

15. Possible C hange of Shape with Size ($4.54). 

16. Possible All-Wing Seaplane (§4.54). 

17. Possible Plan-Forms for Trans-Atlantic Aeroplane ($4.54). 

18. Comparison of Trans-Atlantic Aeroplane with Do X and Maxim Gorki (§ 4.55). 

1g. Anatomy of Research and Development ($4.62). 

20. Stressed Skin Construction (Weight of Stringers and Skin) ($4.62). 

21. Wing of Boeing 314 ($4.62). 

22; Shaft Drive Aeroplanes ($4.62). 


3. Possible System for Co-ordination of the Constituents of Civil Aviation 
through a Controlling Authority ($4.9). 
Note. 


Figures in brackets in the text refer to items in the List of References, 
Appendix V. 


1. INTRODUCTION. 

The list of the Wilbur Wright lecturers is a long and distinguished one, and | 
feel it a great honour to have been asked to join this eminent company. I was 
invited just before Christmas, 1939, to address you to-night on the future of 
British civil aviation. I felt then that though only with great difficulty would it 
be possible to produce a lecture under war conditions, the invitation must be 
accepted, firstly because no greater compliment can be paid an aeronautical 
engineer, and secondly, to support the Council’s policy of continuing the Wilbur 
Wright lectures, which were not interrupted by the last war, through this one. 

I have no doubt that in asking me to lecture on civil aviation the Council had 
two considerations in mind—one, that at least it was a safe selection at a-time 
when most subjects would be forbidden, the other that, in the stress of war, civil 
aviation must not be forgotten. 

There can be no doubt that when a country is fighting for its life, its primary 
aim is to win the fight. That is not, however, our sole aim. It is generally agreed 
that we are fighting, too, for our civilisation. It would seem axiomatic, then, 
that we must preserve the means of civilisation, of which civil aviation is one. 
British civil aviation at the outbreak of war was at the beginning of a struggle 
to make for itself a position in world aviation worthy of the Empire. Unless the 
struggle is sustained, we shall find at the end of the war that our position in 
relation to our greatest rivals is desperately, if not irretrievably, inferior. 

Plans would have been made for the furthering of British civil aviation had the 
war not happened, and plans—more modest plans, perhaps—must still be made. 
In other fields great efforts are being made that our instruments of commerce and 
communication may remain unimpaired. It is my conviction that our air communi- 
cations also should proceed as closely as may be possibie along the lines of their 
peace-time development. 

This Wilbur Wright lecture is in two respects unusual. In the first place, 
whereas previous lectures in the series have generally been reviews of contem- 
porary knowledge, this one ventures on to the dangerous ground of the future; 
the tradition that the Wilbur Wright lecture is not debated is in consequence 
doubly welcome, though I trust I shall not be thought to have taken advantage 
of it. In the second place, it is unusual that the Wilbur Wright lecture should 
have, as this one of its nature had to have, a chiefly domestic appeal. I should 
like my American friends to know, therefore, that however dull they may find i 
it is no whit less sincere a tribute than its predecessors to Wilbur Wright. 

I have one more thing to say about the form of this paper. In my view there 
are only two reasonably satisfactory ways of writing about any subject. One 
to survey every avenue it opens; the result is a text book. The other is to select 
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just one avenue, and in that to leave no stone unturned; this is called a mono- 
graph, and is the more esthetically satisfying. The present paper unfortunately 
follows neither plan; I have taken a few steps into a number of avenues, noticed 
some of the more obvious stones, and that is all. That is why I have insisted 
in the sub-title on the preliminary nature of these notes, and hope that the whole 
vast subject of the future of British civil aviation will quickly receive the close 
study it requires. 

Because any discussion of the future must be related to the background of the 
past, I begin with a note on the recent trend of opinion. This leads to an attempt 
to define our aims and a review in some detail of what has to be done to achieve 
them. On the assumption that the programme indicated cannot now be attempted, 
the paper concludes with a modest substitute programme appropriate to war 
conditions. 

2. THE IMMEDIATE PAstT. 
2.1. The Committee Period. 

The story of British civil aviation in the years preceding the outbreak of 
hostilities is punctuated by reports. These are the reports of committees set up 
by the Government to enquire into various aspects of civil aviation; their most 
important recommendations were accepted by the Government. Some of these 
recommendations were so important that in a large measure they defined the basis 
on which the future was to be built. 

The first of these committees is familiarly referred to as the Gorell Com- 
mittee (1). It was formed in July, 1933, under the chairmanship of Lord Gorell, 
primarily to examine the system of control of private flying. The Committee 
reported in April, 1934. At this time the control of civil aviation in all its aspects 
lay with the Air Ministry. It was represented to the Committee by the Society 

British Aircraft Constructors and others (2) that *‘ civil aviation has become 
entangled in an ever-growing system of involved and complicated requirements ; 
that the control in design and construction is restrictive, increases the cost of the 
aircraft, and retards commercial development; that the intricacy of the regula- 
tions increases the difficulties of new constructors and those distant from London, 
and that, without the good relations which exist between Air Ministry officials 
and firms, aircraft construction in present conditions would be almost impossible.’ 
The Committee felt that there was substance in this charge (2) and furthermore 
recognised (3) ‘* a widespread demand on the part of owners, operators and 
constructors for the control of the airworthiness of civil aircraft to be devolved 
from the Air Ministry to an outside authority fully representative of all interests 
concerned.’ While appreciating that the Air Ministry had moved some way in 
the direction of devolution (4) by admitting to the Civil Airworthiness Committee 
representatives of the industry and by delegating to many constructors a large 
measure of responsibility for the design and inspection of their own aircraft, the 
Committee’s examination of the demand for devolution led them to make the 
most important of their recommendations. This was that (5) the ‘* control of 
airworthiness of civil aircraft should be devolved from the Air Ministry to 
a statutory autonomous and executive authority . . .'’ They considered that (6) 
‘it should be composed of appointed |. of the manufacturers, 
operators and underwriters ’’ and called ‘‘ The Air Registration Board.’ 

The Air Council accepted this recommendation in principle (7). Having regard, 
however, to the fact that the Board of Trade have found it necessary to retain 
strict control over the design, construction and subsequent maintenance of 
passenger steamers carrying over twelve passengers, that the Ministry of Trans- 
port exercises a similar control over public service vehicles carrying more than 
seven passengers, and that the new Board would necessarily be experimental i 
character during its first years, the Government considered that the Air Ministry 
must retain for the time being control over the airworthiness of the larger 
passenger aircraft (7). 
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The acceptance, though with reservations, of this recommendation is a landmar\ 
in British civil aviation. A system which, in all essentials, still controls the most 
successful civil aviation industry in the world, that of the U.S.A., had failed to 
flourish in this more temperate climate and was replaced by a system in which 
the aircraft industry had a direct concern in its own government. 
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On April tst, 1937, the Air Registration Board began operations, and by the 
beginning of the war had assumed responsibility for most of the duties, summarised 
in Appendix I, delegated to them by the Secretary of State for Air. The limitation 
on the size of aircraft supervised by the Board, foreshadowed when the Air 
Council accepted the Gorell Committee’s recommendation in principle, was fixed 
at 10,000 lbs. and ten passengers. The design and inspection of type aircraft 
of greater weight or carrying more passengers remained the Air Ministry's 
responsibility. All other airworthiness duties in connection with “ large ”’ 
aircraft were made, however, the responsibility of the Board. 

While, therefore, the Secretary of State for Air is the ultimate authority 
controlling civil aviation, there are in fact two bodies administering the control. 
The Air Ministry, through its Department of Civil Aviation, is concerned chiefly 
with matters of policy, finance, international agreement, general regulation, and 
certain technical airworthiness duties, while the Air Registration Board is concerned 
chiefly with airworthiness regulation and technical supervision of design and 
construction. There are clearly disadvantages in this sub-division of duty, but 
the words in which the Air Council accepted the partial devolution of technical 
responsibility suggest that in the future, at least the responsibility for airworthiness 
will be unified under the Board. The inference that this body is capable of looking 
after the safety of ten passengers, but not of eleven, will then be no longer 
possible! 

The Gorell Committee made three further recommendations indicating the scope 
of the duties and the financial basis of the proposed Air Registration Board. For 
details of these, and of fourteen others ranging over questions of insurance, 
validation of foreign certificates of airworthiness, accidents and gliders, the 
Committee’s report (3) may be consulted; in a general survey they are secondary 
in importance to the devolution recommendation already discussed. 

The second Committee was appointed in 1936 under the chairmanship of 
Sir Henry Maybury to consider the development of civil aviation in the United 
Kingdom. It reported in December, 1936 (8), and of its seventcen recommenda- 
tions three were of particular significance. In the belief that internal airlines 
could be made to pay if competition were restricted, the Committee recom- 
mended (9) that the routes shown in Fig. 1 should be regulated, and the flying 
over these routes co-ordinated. Secondly, the Committee recommended (9) the 
establishment of a licensing authority to select the company, or combination of 
co-ordinated companies, to operate these main routes and to license all regular 
internal transport services. Thirdly, the Committee recommended (10) that ‘‘ all 
radio facilities, a meteorological organisation, and a comprehensive air traffic 
control organisation should be provided, maintained and operated by the Govern- 
ment.”’ 

An Air Transport Licensing Authority was subsequently established, and the 
provision of the facilities recommended has steadily gone forward (49), but the 
scheme of airlines proposed by the Committee has not been achieved. 

The third Committee was appointed on 30th November, 1937, under the chair- 
manship of Lord Cadman, to enquire into the then present state of British civil 
aviation, certain charges of inefficiency in the administration of British civil 
aviation and other relevant matters not specifically mentioned in the terms of 
reference. The Committee made a very comprehensive review in a very short 
time, its report (11) being dated the 8th February, 1938. This report is of the 
greatest importance in the history of British aviation. At the outset it discloses 
that the Committee viewed ‘‘ with extreme disquiet ’’ the position revealed to 
them (12). They pointed out the unfortunate effect on our prestige of having to 
employ foreign aircraft on British airlines, and the necessity for retrieving the 
position in which ‘‘ foreign manufacturers . . . not only dominate the European 
market, but have gained a firm footing in the Dominions ’’ (13). 

They considered that aircraft operation and construction seemed to have been 
treated as separate questions, and not as related parts of a single problem (14). 


688 H. ROXBEE COX. 


They visualised four elements (15) in civil transport which, to assure successful 
development, must be co-ordinated. These were the machinery of government 
(whence flowed policy and initiative), the aircraft operator (the immediate 
instrument of policy), the aircraft constructor (producing the hardware for the 
operator), and the provision of essential ground organisation. 

In developing the details of this general remedy, the Committee perpetrated « 
phrase which has been the cause of some debate among the annotaters of their 
report. ‘‘ In our view,’’ they said, ‘‘ the problem of the air is one—two sides o! 
a single coin—and the military aspect of aviation cannot fundamentally be 
separated from the civil aspect ’’ (15). Apart from the suggestion that from 
the military aspect the coin appeared to be of far higher denomination than from 
the civil aspect, the discussion centred around whether the Committee meant that 
military and civil aviation were closely related or not. The phrase rather suggests 
that the characteristic of the coin significant in the simile is the proximity of its 
sides, but the Committee’s subsequent development of the theme suggests that 
they also appreciated the fact that the two sides face in opposite directions. The 
protagonists of the argument implied here range from upholders of a military 
control to those who favour transfer of the control to another Ministry. The 
indisputable facts are that 

civil and military aeroplanes are designed for diametrically opposite purposes, 
peace and war, 

the scientific and technical problems raised by civil and military requirements 
are often the same. 

These facts suggest that the directions of civil and military aviation should, 
like the directions of mercantile and naval marine, be in different hands, but that 
these directorates must be co-ordinated to avoid duplication of research. To 
emphasise this by an obvious example, the economics of air transport and the 
efficiency of fighters require very different training and experience for their attain- 
ments, but both demand the reduction of aerodynamic drag to a minimum—a 
single scientific problem. 

I trust that the members of the Cadman Committee will forgive this embroidery 
on a single phrase in their report. The matter seems to me, however, to be of 
primary importance, and I believe my interpretation of the phrase is the one 
intended. The Committee urged the constant correlation of the policies of civil 
and military aviation, and besides the more obvious matters of finance and ot 
prevention of clashing of interests, the co-ordination of research policies would 
need constant attention if duplication of effort is to be avoided. 

The Committee concluded their report with thirty-five main recommendations. 
The first six (16) dealt with the need for strengthening the administrative and 
technical civil aviation staffs of the Air Ministry, and were in part accepted (17). 
The most significant appointment made was that of a Director of Civil Research 
and Production, and at the outbreak of war he was at work with a small technical 
staff. 

The next eleven recommendations dealt with the need for the expansion of 
British routes, for the use of British aircraft on them, and for further subsidy to 
British civil aviation (18). They proposed also a close co-operation between the 
two leading British companies operating on routes outside Britain, and_ the 
restriction of dividends of subsidised companies. These recommendations were 
accepted by the Government (19). The annual subsidy to British civil aviation 
was increased from £1,500,000 to £3,000,000, and steps were taken to effect an 
amalgamation of Imperial Airways and British Airways into a single company, 
now known as British Overseas Airways, having the character of a public utility 
corporation as regards its dividends. Most of the remaining recommendations (20) 
dealt with the stimulation of research and technical progress and the need for 
aerodrome development in Britain, and the Government’s review of these recom- 
mendations revealed no serious disagreement (21). 
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The last of the civil aviation committees was appointed in February, 1939, and 
reported (22) on the 29th April of that year. Mr. Harold Brown was the chairman. 
The problem referred to it was ‘‘ to consider, with the proposed merger of Imperial 
Airways and British Airways in view, how best to improve co-ordination between 
aircraft constructors, airline operators and the Air Ministry in the production of 
civil air liners, and how development work can best be initiated, controlled and— 
within approved limits—financed. . . .’’ (23). In these terms of reference, 
the word ‘‘ production ’’ has not the special meaning which problems of R.A.F. 
expansion generally lead us to give to it. It means ‘‘ obtaining.”’ 

In the introductory review of their problem in their report, the Committee laid 
down the necessity for co-ordination between the airline operator, the aircraft 
constructor, the research worker and the State, noting the common interests of 
civil and military researches (24). They considered proved ‘‘ that for several 
years to come substantial help from public funds will be essential, if the desired 
aim is to be achieved ’’ (24). 

The Committee summarised the various bodies concerned with aeronautical 
research and development work here—the Air Ministry, the Aerodynamics Depart- 
ment of the National Physical Laboratory, the Air Registration Board, the 
Aeronautical Research Committee, the technical staffs of firms and certain 
University workers—and concluded that almost the whole effort of these bodies 
was directed primarily to problems of military aviation (25). The exceptions 
were the staffs of certain airline operators, the technical staff of the Director of 
Civil Research and Production (seven in all (26)) and the small technical staff 
of the Air Registration Board. The Committee, not surprisingly, found this state 
of affairs most unsatisfactory. In point of fact, in comparison with the organisa- 
tion of the Civil Aeronautics Authority in the United States, it must have 
appeared little short of tragic to them. They proceeded to suggest how British 
civil aviation may be brought to play a leading part in civil aviation throughout 
the world ‘‘with the greatest practicable economy of money, time and effort ’’ (27). 
No one could quarrel with the proviso, so long as the word ‘‘ economy ”’ in this 
context 1s properly understood. Economy does not mean letting others make the 
experiments on which progress depends in the hope that they will pay for the 
mistakes and produce the results for us. Making progress is not an ‘‘economical ”’ 
business, using the word in its usual and restricted sense. 


They concluded that British civil aviation would stand a chance of occupying 
a leading position in world civil aviation only if large sums of public money—not 
more than a fraction of which would ever be recovered—were spent on it. 
‘* Unless the Government,’’ said the Brown Committee, ‘‘ is prepared for many 
years to come to furnish considerable sums for civil aviation development—in 
addition to subsidies to airline operators—there is little or no hope of this country 
winning a leading place in civil aviation ’’ (28). Beyond suggesting that the 
civil aircraft market might be encouraged by the Royal Air Force using civil 
aeroplanes as transports, the Committee made no proposals on how financial 
assistance should be given. They thought that this matter could best be dealt 
with by another, standing, Committee with wide terms of reference to the 
continued furtherance and support of civil aviation (28). 

Assuming the money to be forthcoming, the Brown Committee suggested that 
the co-ordination they regarded as essential could best be provided by an advisory 
committee of high standing, with a chairman of outstanding personality devoting 
most of his time to its business, and called the Civil Aviation Development 
Committee (28). It was intended that the Secretary of State should be guided 
in matters of civil research and development by this Committee. 

Besides the chairman, the Committee was to include representatives of the 
Society of British Aircraft Constructors, the British Overseas Airways Corpora- 
tion, and the Air Registration Board. The terms of reference proposed for this 
Committee are given in Appendix IT. 
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By the beginning of the war, the Government had made some progress in the 
appointment of the Civil Aviation Development Committee. What their plans 
for financial assistance were had not been disclosed. 

The outbreak of hostilities marked the end of a period in British civil aviation 
which might be called the Committee period. Whatever new Committees may be 
set up during the war or after it, the dividing line between this pre-war period 
and the succeeding period is clear-cut. 

The work of the Committees produced the Air Registration Board, the 
Directorate of Civil Research and Production of the Air Ministry, the Air Transport 
Licensing Authority, and the British Overseas Airways Corporation. Of these, 
the Board continues with a reduced staff to look after the technical needs of the 
war-withered body of civil aviation; the Directorate has ceased to exist, and its 
vigorous Director is directing something else; the Authority has also gone; but 
the Corporation, though beset with difficulties, is very much alive and, I am glad 
to see, kicking. 

I do not wish my remarks on the Committees of 1933 to 1939 to be taken as a 
brief history of that period. They are not so intended. But the most important 
part of history, both in general and from the restricted viewpoint of this paper, 
is the history of opinion, and from current trends it is sometimes possible to 
extrapolate. That is why I have enlarged on the work of the Committees, whose 
reports, to summarise, reveal 

the realisation that civil aviation cannot be self-supporting, 

the belief that to give British civil aviation its proper place in the world, 
large expenditure of public money (which would in any case look trivial 
when compared with war expenditure, however) is necessary, 

a tendency to separate the governance of civil from that of military aviation, 

the need for the civil aviation industry to take part in its own control, 

an appreciation of the need for co-ordination and collaboration. 


My discussion of future developments will assume the persistence of these ideas. 


2.2. The Initial War Period. 

There is little doubt that had the war not intervened, these developments would 
have been directed by the Civil Aviation Development Committee (28). The 
Cadman and Brown Committees had made clear the need tor a renaissance, and 
it would have been the task of the Development Committee to bring it about. 
If and when that Committee is formed, its task, already gigantic, will be still 
more formidable, for in the few months since the war started, the position of 
British civil aviation has seriously worsened. A large proportion of its aircraft 
have been impressed for war purposes, its supplies of new aircraft are, to say the 
least, problematical, and its official overseers are largely disbanded. Doubtless 
this tragic retrogression was necessary; no one will disagree with Sir Kingsley 
Wood’s statement, in his speech in March on the Air Estimates (20), that we 
must use our resources ‘‘ in the fullest support of our military effort.’’ ‘* First 
things must come first,’’ he said, and feared that, in consequence, ‘* the progress 
of civil aviation must inevitably be retarded ’’ (30). The necessity for planning 
so that this retardation can ultimately first be neutralised and then converted into 
an acceleration is, however, the more apparent. After the war, civil aviation will 
be one of the ‘‘ first things.’’ Knowing this, the Secretary of State announced 
his intention to take two steps. The first was ‘‘ to set up a strong Civil Aviation 
Advisory Committee to keep under review the position of civil aviation in the light 
of the present situation and to plan for the future ’’ (31). He proposed as the 
second step that ‘‘ this Committee should have associated with it a small body 
of experts whose task it would be to keep in touch with all phases of technical 
development in the field of civil aviation abroad ”’ (31). This Advisory Committee 
—predecessor, we hope, of the Development Committee—will carry a_ great 


responsibility ; it should be the architect of the third step, the fourth step, of, 


\ 
] 
h 
W 
A 
1 
b 
n 
re) 
h: 
Ta 


LOOKING FORWARD. 691 


we hope, a whole flight of steps leading to the rehabilitation of British civil 
aviation. 


3. THE AIMS OF BritisH CIviL AVIATION. 

The review of the Committee period showed how opinion was tending and the 
kind of organisation, something of a patchwork, which was being evolved. | 
want to try to determine the lines along which this organisation must develop. 

[ think that, in the past, British civil aviation policy has been too tentative 
and has suffered from a reluctance to define its aims. Let us try to determine 
what they should be. 

I assume that, speaking in the broadest terms, we want British civil aviation 
to be a great and successful enterprise. We wish it to occupy a leading place in 
world aeronautics. We want it to stand as a symbol for safety, for comfort, for 
speed, and for consistency. We want its influence to be world-wide. These are 
admirable but vague objectives. How can we be more precise ? 

In the first place, let us be clear that by British civil aviation we mean the 
civil aeronautical undertakings of the British Empire, not of the British Isles. 
Let us try to determine how far these should extend. 

The Empire needs air routes to connect its countries, air routes within its 
countries, and air routes for communications with the rest of the world. For 
communications within the Empire there there can be no other aim but that the 
routes shall be British and the aircraft operated on them shall be British. Of 
the routes communicating with the rest of the world, it would appear just that 
half should be British and on these that the aircraft should be British. It is 


worth while discovering how far we have got towards this goal. The Imperial 
routes are already extensive (32). Great Britain, Egypt, India, Australia and 
New Zealand are in direct communication (Fig. 2). The trans-Atlantic route 


to Canada has been inaugurated. Egypt is joined with South Africa and West 
Africa. Canada is crossed from east to west. Australia is circumnavigated. 
The only obvious gaps are direct lines between Australasia and Canada, and 
between Australasia and South Africa. Whether or not these routes are needed 
must be examined. In any case, it appears that most of the Empire main lines 
have been laid down. National lines feed these main routes. Britain has its 
own modest network. India, Australia, New Zealand, Africa, and Canada, all 
have their own systems. The total route mileage is impressive, though the 
traffic is not large; a rough comparison with the rest of the world is provided by 
Table I. 


TABLE I. 


Route MILEAGES AND PASSENGER TRAFFIC OF LEADING CoUNTRIES (34). 


Density of trafic. 
Country. Year, Route mileage Passenger Passenger miles per 
miles flown. mile of route 


British Empire Sas 1938 89,077 127,725,699 1435 
1937 79,423 95 973,792 1210 
1937 63,656 483,341,317 7600 
France 1938 40,833 38,847,041 950 
1937 37,387 31,622,968 845 
Germany sist 1938 
1937 30,490 74,924,405 2460 
U.S.S.R. 1938 =| 65,865 
1937 58.036 55,500,942 055 


The main lines joining the Empire to the rest of the world are given in 
Table II and Fig. 3. Referring to the table, at the outbreak of war, the Empire 


692 H. ROXBEE COX. 


had a half share in the first route, had none in the second, operated her half 
of the third largely with foreign aircraft, and had no share in the rest. 

Altogether at August, 1939, there. were 21,100 miles of Empire main line, 
and 63,500 miles of national line. Connecting the Empire with the rest of the 
world there were 27,600 miles of air line. Taking these last routes first, only 
6,900 miles were British operated and on 5,500 miles of these the aircraft flying 
were 92 per cent. foreign. On 29,400 miles of the Empire’s national lines the 
aircraft operating were 68 per cent. foreign. So far the Empire main routes 
are purely British. But four years ago most of the national lines and_ the 
British operated continental lines were. The danger grows. And if ever 
foreign bodies get into the main arteries, our Empire routes, we may as well 
start to write the obituary of British Civil Aviation. 

II. 


Rovres JoInInG THE Britisn Empire to THE REST OF THE 
Worup Priok TO SEPTEMBER, 1939. 


Countries joined. Airports used, | Route normally operated by 
Great Britain-U.S.A. a Southampton-Foynes-Botwood- Britain 
Montreal-New York 
Great Britain-U.S.A. ... Southampton-Lisbon-Azores- 
New York 
Great Britain-Europe Various Great Britain and 
European countries 
Africa-South America ...|. Dakar-Port Natal France 
Germany 
U.S.A.-Hong Kong ...| San Francisco-Honolulu-Hong U.S.A. 
Kong 
U.S.A.-Australasi ...| San Francisco-Honolulu-Auckland U.S.A. 
There are then 84,600 miles of air line in the Empire. There are 27,600 miles 
connecting it with the rest of the world. All of the first lot and half of the 


second should be British controlled and operated by British aircraft, a total of 
98,400. That should be one of our aims. 

There are routes still to be opened up, perhaps 12,000 miles in the Empire. 
We must see to it that these are all-British. 

There are countries with air routes, and countries needing air routes, with 
no national aircraft industries. We must study their conditions and compete 
with the other great exporters of civil aircraft for the markets. 

So far, I have considered the extent of British Civil Aviation in its relation 
to Imperial geography. Is it possible to get any general idea of the traffic it 
should aim to carry? 

The business of the world is carried on by communication and transportation. 
Communication is by telephone, telegraph, letter and personal contacts. For 
more than 100 years the tempo of communication has been continually quickening, 
so the aeroplane finds a natural réle in the carriage of mail and busy men. 
Whether there is any fundamental need for all this hurry is open to question, 
but while varying speeds of communication exist, many classes of business must 
choose the fastest. 

In transportation, the position is different. With a few exceptions, chiefly 
valuables, the carriage of goods demands reliability rather than speed. If ships 
were struggling to carry, say, coals faster, there might be a field for another 
and faster kind of coal carrier. This is not happening, and there is yet no 
general demand for an aerial tramp or merchantman, though there is a limited 
demand for the carriage of heavy goods to and from districts difficult of access 
over land. 

We conclude that the aeroplane, which in its present and visualisable forms 
is in any case unsuitable for carrying heavy goods, is a means of communication 
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rather than transportation, though it may be expected to carry light valuable 
freights. It is clearly in competition in the field of communication with trains 
and ships. 

It is a legitimate aspiration of civil aviation to attract to itself all the first class 
mail and all the passengers in a hurry. The volume of this potential traffic is 
difficult to estimate, except in well defined instances like the trans-North Atlantic 
route, and in any case depends upon the speed, frequency and reliability of the 
surface services provided. For the routes I have mentioned, however, such 
estimates should be the subject of special study. 

We have then a rough idea of the routes we should control. We should aim 
on all routes for civil aeroplanes to carry the first class mail and the fast 
passenger traffic. Our success in this will depend on our aiming simultaneously 
for safety, for speed, for reliability, and for comfort. With these aims achieved 
we shall have gained automatically an enviable prestige. 


4. THE MEANS OF REALISATION. 
4.1. The Job to be Done. 

If our aviation is to advance towards the goal I have described, its many con- 
stituents must be fully co-ordinated. It will be of no use to extend our routes 
unless we are prepared to equip them with the latest devices for keeping aircraft 
on their courses and landing them safely. Highly organised routes will be 
halved in value unless the most modern aircraft fly along them. We shall not 
produce these modern aircraft, supreme in comfort, speed and safety, without 
unremitting research, invention, and development. We shall not be able to 
maintain our standards of safety without accurate weather forecasting and up-to- 
date regulation and control which embodies the latest results of our researches. 
None of these activities will be possible without a sane and generous financial 
scheme, a scheme which permits the collection of every legitimate profit, supports, 
where necessary with subsidy, every worthy endeavour, and provides for the 
insurance of material cargoes and personnel. I have considered in more detail 
in the rest of this section ($4) what has to be done. 


4.2. The Controlling Authority. 


The main constituents of civil aviation are shown in Table III. The co- 
ordination of these constituents and their direction along the path of progress 
and efficiency is the business of the controlling authority. This controlling 


authority has been, and still is, the Air Ministry. The suitability of the Air 
Ministry for the task has often been questioned (35, 36), mainly on the grounds 
that the Ministry’s primary concern is the Royal Air Force and that in conse- 
quence the needs of civil aviation are always likely to be subordinated, particularly 
in times of expansion or war, to the needs of the military branch. The Govern- 
ment have resisted this view in the past (37), emphasising the common interests 
of military and civil aviation and taking steps to improve the status of the 
department of the Ministry concerned with civil matters (17). Those who would 
prefer civil aviation to be separated from the Air Ministry point to the mercantile 
marine which is in peacetime controlled by the Board of Trade and not by the 
Admiralty. Some of these separationists would prefer to see civil aviation under 
the Board of Trade, others would prefer the Ministry of Transport ; some would 
like to see civil aviation with a ministry of its own. This last arrangement has been 
found the most convenient in the United States, where the control of civil aviation 
was in August, 1939, removed from the Department (i.e., Ministry) of Commerce 
and placed in the hands of the Civil Aeronautics Authority (38), a council of five 
men responsible directly to the State and employing large administrative, 
technical and executive staffs. 

The Government’s last published word on this question was in 1934 when 
they had ‘* no intention of changing a basis of air organisation which has been 
so successful that it has since been adopted by foreign nations . . .’’ (39). The 


694 H. ROXBEE COX. 


success of the organisation has not since then been so marked as to prevent tlic 
Civil Aviation Advisory Committee, when it gets to work, weighing the advan- 
tages and disadvantages of the other possible arrangements just mentioned 
That this matter should receive careful and authoritative consideration cann 
be doubted, as the decision on it will be of primary importance to the future of 
civil aviation. 

Whether the controlling civil aviation authority wears the uniform of the Air 
Ministry, the more sober habit of the Board of Trade, or cuts a suit for itsell, 
the task before it, war or no war, will be the one I have defined in $4.1. In 
this section of the paper, $4, I shall consider it in detail as a general problem. 
The effect of the war on the way we attack it is dealt with in §5. 


TABLE III. 


THE Main ConsTITUENTS OF Crivin AVIATION. 


Constituent. Details, Responsibility chietly with 


Airline management. Development|Operating companies. Controlling 
of aerodromes and routes. Radio} authority 
communication. Licensing of routes| 


Operation 


Design and con- |Production of material—airframes,|Constructing firms 
struction engines, instruments and equip-| 
ment | 


Research and deve-| [heoretical and experimental investi-| Experimental establishments of the | 
lopment | gations State. Operating companies. Con- 
| structing firms. Universities 

|Codification of rules for safe flight.|Controlling authority 
Certification of aircraft. Inter-| 
national agreements | 


| Regulation and 
safety 


Accident investiga- |Controlling authority 


tion 
Education and Education of engineers and scientists,}Controlling authority. Universities. 
training | training of pilots, navigators and} Technical Colleges. Operating 
ground engineers | companies. Constructing — firms. 
| Royal Aeronautical Society | 
Finance General and airmail subsidies. Insur-|Controlling authority. City 


ance | 


It is well, first of all, to be clear what is meant by ‘* controlling authority.” 
I use the expression to mean the person, or group of persons, whose duty is 
the furtherance of British Civil Aviation, in direct control of the finance and 
staff necessary for this duty, and with direct access to a Minister of State. The 
authority must be the originator and elaborator of policy, both a fount and an 
irrigator of initiative ; it must control and co-ordinate the activities of the specialist 
staffs, correlating them with the activities of the aviation industry, the growth 
and health of which is its chief concern. 

There is no novelty in this definition though it suggests for the controlling 
authority a greater scope and a greater scale than has so far been permitted to 
the present controlling authority. The need for this increased scope and scale 
will be clearer after we have considered the nature of the task ahead. 


4.3. Operation. 

One assumes that in the future the design of a civil air liner will generally 
be a direct response to a set of requirements laid down by the operator to meet 
the conditions of a particular route. 

This means that the operator must assess the traffic and the weather and other 
special conditions of the work, take account of any deficiencies in the type pre- 
viously used, and present to the designer a set of minimum requirements. On 
these operational requirements and on the minimum safety regulations, the design 
will be made. 
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This question of operational requirements is the only operational matter I 
propose to deal with under the heading ‘‘ Operation.’’ All the other problems 
which arise out of the operation of aircraft seem on analysis to resolve themselves 
into question of design, research, safety or training, and I have referred to some 
of them elsewhere in the paper. 

There is one operational requirement which is rarely specified and which the 
designer would do well to bear in mind. If his aircraft proves after extensive 
operation to have a take-off well within the minimum: requirements and has an 
ample margin of safety with one engine out of action, it is highly probable 
that sooner or later the operator will seek permission to increase the pay load. 
If the aircraft has been designed just to meet the minimum strength require- 
ments, this will not be permissible without structural modification. The designer 
may be well advised, therefore, to arrange for a small reserve of strength; the 
cost in weight is unlikely to be high. 

The operator finds himself in conflict occasionally with the airworthiness 
authorities. Generally the matters do not involve principles. There is one 
matter, however, which does involve principles and which later on will almost 
certainly have to be argued. It is this. The regulation minimum safety require- 
ments are invariant with route. Now it can clearly be argued that, providing 
it is strong enough, an aeroplane should be allowed to carry more when flying 
over cool flat country between large sea level aerodromes than when flying over 
mountains between high up aerodromes in the tropics. If it is argued, on the 
contrary, that the minimum safety requirements are so chosen as to make the 
aeroplane safe under both sets of conditions, then they are obviously uneconomic 
under the most usual conditions of operation. | submit that the minimum safety 
requirements should vary with route conditions. 

These are matters of detail. Is it possible to state in general terms the 
probable future demands of operation? It is scarcely necessary to mention the 
certain call for greater speed and greater size. One stage less obvious is greater 
comfort. In dealing with this we must remember that the necessity for comfort- 
giving things like arm chairs and cocktail bars becomes less and less as the time 
for the trip decreases and the time spent in bed increases. This suggests flying 
fast by night, leaving the day free for work. Unfortunately, beds take up more 
room than chairs, and the ultimate answer will only be clear after careful study 
of economics, statistics, and passenger psychology. It will probably be desirable 
for stewards and stewardesses to encourage passengers to give their views and 
to record them for the study of this and similar questions by their company’s 
experts. 

Another matter in which the nature of the future demand is not yet clear 
is whether or not passengers and mails should be segregated (41). I very much 
doubt whether there is any simple answer to this question, which must be very 
dependent on the special conditions of the different routes. I would venture 
the opinion, however, that on some routes we shall need the pure mail plane. 

To get any further ideas about the possible future operational requirements, 
we shall have to consider particular routes, or classes of routes. 


4.31. The Atlantic Route. 


Let us first consider the Atlantic crossing from the travellers’ point of view. 
We know that those likely to be attracted to air travel are chiefly those who 
would otherwise travel by such ships as the Queen Mary, Normandie or Queen 
Elizabeth. The distance from Southampton to New York is approximately 
3,400 miles. They now take five days on the journey, in supreme comfort. In 
exchange for this comfort, air travel offers speed and comfort similar to that on 
the best railway trains. What speed? 

The present trans-Atlantic air performance is illustrated by the Pan-American 
time table given in Table IV for the Northern route for last summer. These 
schedules correspond to a West to East ground speed of about 170 m.p.h. and 
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an East to West ground speed of about 130 m.p.h. As West winds up to 
4o m.p.h. are always to be expected, this means that to keep to schedule in either 
direction aircraft might have to fly-through the air at speeds in the range 1 30- 
170 m.p.h. Except under very unusual conditions, the greatest cruising specd 
required is 170 m.p.h. 
TaBLE IV. 
Pan-American ArRWAYs Nortu ATLANTIC NorTHERN Route TIMETABLE 
FOR SUMMER, 10936. 


Eastbound. Westbound. 
New York... dep. Sat. 07.30 Hythe dep. Wed. 14.00 
Shediac, N.B._... atr. 12.30 | Fovnes ... arr. Wed. 15.30 
Shediac, N.B ee dep. Sat. 13.30 | Foynes ... x dep. Wed. 16.30 
Botwood ... Ses arr. Sat. 16.30 | Botwood... oe arr. Thur. 05.30 
Botwood ... bee dep. Sat. 18.00 | Botwood... os dep. Thur. 07.00 
Foynes... arr. Sun. 08.30 Shediac ... arr. Thur. 10.00 
Foynes.... dep. Sun. 09.30 Shediac ... dep. Thur. 11.00 
Hythe a : arr. Sun. 13.00 | New York — arr. Thur. 14.00 
Effective time... 294 hrs | Effective time ons 24 «brs. 
Effective flying time... 26 Effective flying time 20} 
Actual time elapsed pas vt io Actual time elapsed a 30 
Actual flying time Actual flying time... 26} 


N.B.—Clock difference between London and New York is -—6hr. during British Summer Time. 
Times quoted are local standard times, 


The idea of losing only one working day in travelling is an attractive and 
important one and this schedule provides a 24-hour service East-to-West, 
reckoned on local time. New York standard time being five hours behind 
G.M.T., a similar achievement in the opposite direction is much more difficult. 
It would mean raising the 170 m.p.h. cruising speed to 235 m.p.h. If the stops 
could be dispensed with, however, 220 m.p.h. would be sufficient. 

If we achieve a 24-hour service in the more difficult direction, what is the next 
step? The traveller will leave New York, say, at 07.00 hours on Sunday and 
arrive at Southampton at 07.00 on Monday, ready to start work. To gain an 
hour or two would be of little advantage. Even if he did not have to leave until 
midday, he would probably feel that he could not make much use of the morning 


TABLE V. 
Non-Stop SERVICE BETWEEN GREAT BRITAIN AND NortH AMERICA. 


Effective Speed (m.p.h.) Flying Time (hrs.). Effective Flying Time (hrs ). 


E. to W. W. to E. E. to W. W. to E. E, to W | W.toE 
100 60 100 56.05 34.0 51.05 | 39.0 
138.4 98.4 138.4 346 24.6 29.6 | 29.6 
150 110 150 30.9 22.7 259 | 
200 160 200 21.25 17.0 10.25 22.0 
250 210 250 | 16.2 13.6 | 186 
300 260 300 13.1 11.3 8.1 10.3 
350 310 350 10.95 9.7 | 5.05 14.7 
400 300 400 0.45 8.5 4.45 13.5 
450 410 450 8.3 7.55 3.3 | 12.55 
500 460 500 7-4 6.8 2.4 11.8 
550 510 550 6.05 6.2 1.05 1.2 
600 560 600 6.05 5.05 1.05 10.05 
650 610 650 5-55 5.25 0.55 | 10,25 
700 660 700 5.15 4.85 0.15 Yyd5 
720 680 720 0 47 0 972 


Assumed distance, 3,400 mn. 

Clock difference, 5 hrs. 

E. to \W. times based on 40 m.p.h. headwind all the way. 
W. to E. times based on still air all the way. 


oO 


EFFECTIVE TIME OF FLIGHT (HOURS) 
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gained. The obvious big step forward would be to make the journey overnight. 
That we cannot at present consider this literally is clear from a simple calcula- 
tion. If we take ‘* overnight ’’ to mean 12 hours and assume a non-stop run, 
with a five-hour time difference, we see that W. to E. the flying time must be 
not more than seven hours and E. W. not more than 17 hours. Making allow- 
ance for the 4o m.p.h. West wind, we have 
E. to W. speed =3,400/17 + 4o=240 m.p.h. 
W. to E. speed=3,400/7 = 486 m.p.h. 

Let us see whether any approximation to the overnight ideal is possible at a 
more reasonable speed. In Table V and Fig. 4, the effective times for different 
cruising speeds are given. We see from the flattening of the curves that every 
gain in time is more and more expensive in speed, so that while 486 m.p.h. 
is necessary for the 12 hours Easterly run, 300 m.p.h. is sufficient for 16 hours. 
It seems a reasonable approximation to the overnight ideal to leave New York 


30 
| ASSUMED DISTANCE 3,400M. 
| CLOCK DIFFERENCE - 5 HOURS. 
| | E TOW TIMES BASED ON 40 M.PH. HEADWIND ALL THE WAY. 
= | W TOE TIMES BASED ON STILL AIR ALL THE WAY. | 
a | | 
5 | 
| 
| 
| 
| | | 
| 
~ 
| 
w | | 
2 | 
| 
> | | | 
| 
| 
= | } 
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AIRSPEED (M.P.H.) 
Fig. 4. 


Non-stop service between Great Britain and North America. 


or Montreal at, say, 06.00 hours and to arrive at Southampton at 10.00 hours 
the next day. 

I suggest then that the next big advance in operational speed will be to 
300 m.p.h. I was gratified to find that this rough and ready argument is con- 
firmed by the specification for a large trans-Atlantic craft recently issued to 
American constructors by Pan-American Airways (42); this specification calls 
for 300 m.p.h. cruising speed. I gather that Dr. Warner is not optimistic of 
such a speed being achieved in commercial air transport (79). 

What degree of comfort should be supplied at this sort of speed? The 
Westward bound passengers will be on board only 13 hours, the Eastward bound 
only 11 hours. One might reasonably expect, then, to spend most of this time in 
bed. There is an undoubted trend towards promenade decks and wine cellars 
on our larger aircraft, but for this particular trip I suggest that weight and 
space might be more profitably expended in comfortable beds. 
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Passenger comfort, as well as general safety considerations, will urge the 
aeroplane as high as possible to avoid bad weather. It is important to make 
certain whether, for a really large craft with, probably, an airship-like indifference 
to gusts, this urge need be taken seriously. On the answer depends whether 
the pressure cabin and its attendant complication is necessary. Weather 
statistics are incomplete, but suggest an operating height in excess of 15,000 feet. 
Whether at such a height the wind conditions I have assumed in calculation are 
applicable is uncertain; the errors are, however, unlikely to upset so general an 
argument as I have given. 

The designer will need a figure for still-air range. ‘This decreases with increase 
of speed, as the effect of head wind then becomes smaller. For a cruising speed 
of 300 m.p.h., allowing an abnormal head wind of 50 m.p.h. and 25 per cent. 
for deviations from the route to avoid even worse conditions, we get 

3,400 . 1.25 . 300/250 = 5,000 miles. 

The most difficult problem before the operator who is trying to lay down a 
specification is the estimation of the capacity he will need. In ordinary times 
there are about 1,000 first class passengers and 70,000 Ib. of first class mail 
(nearly half of which is from or to Great Britain) travelling between Europe and 
North America (44) each way per week. With the possibility of American, 
French, German and British airlines competing, and supposing that some people 
will prefer to go by sea, it will probably not be necessary for some time to come 
to cater for more than 250 passengers and 20,000 lb. of mail per week each way. 
Estimates of what is likely are much more conservative (45, 46). This is a 
probable maximum, and it is of interest to see that to deal with it, if one 
aeroplane went each way every day, each would have to carry on an average 
35 passengers and 3,c0oo lb. of mail. To deal with fluctuations in load, the 
aircraft used would probably need to have room for 50 passengers. 

Whether the mail should go separately and whether a 9o-passenger aircratt 
every two days is preferable to a 50-passenger craft every day are questions 
which will have to be decided. I am inclined to urge the construction of a 
300 m.p.h. overnight mail plane. It would be relatively easy to make a fast 
mail carrier, and the experience with it would be invaluable by the time the 
300 m.p.h. passenger craft came along. 

The possible goals to aim for are shown in Fig. 5. Even if the traffic proved 
to be much less than the probable maximum mentioned, the aircraft are of a 
size convenient for dealing with much less. 

We shall not expect to reach one of these desirable arrangements without a 
transition period. It must be remembered that when the first of the new passen- 
ger craft go into service, the old ones will still be working. We may, therefore, 
for a time see a first class non-stop service and a second class service stopping 
at Foynes and Botwood. It might be worth while to plan with this in view. 

There are two important aspects of the Northern trans-Atlantic service which 
I have not mentioned. The first is that at present, unlike the Southern route 
through the Azores, it is a summer service. To be taken seriously as a transport 
service it will have to be an all-the-year-round one (cf. £4.55). There is therefore 
ahead of the operators a highly interesting and perhaps exciting period of ex- 
ploration, in aircraft equipped with every safety device; we may expect the mail 
planes to start the first regular winter service. 

Secondly, are we in future designs to assume dependence on refuelling in the 
air or any other means of assisting heavily loaded aeroplanes to take off? At 
present refuelling is a most valuable adjunct to British trans-Atlantic flying; it 
has been most skilfully developed and is capable of further development which 
I trust it will get. But while I have no doubt about its value now and in the 
immediate future we cannot uncritically assume that it has come to stay. The 
matter needs a most careful analysis. On the one hand, it is a means of 
enormously increasing the range of an aeroplane at practically no expense in 
performance; its potentialities in this direction have been put forward by Mr. 
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Langley (80) with considerable restraint and are still impressive. On the other 
hand, it requires considerable equipment and organisation and bad weather may 
hinder its operation. Assuming no operational difficulties, the question is an 
economic one—smaller aeroplanes and refuelling versus larger aeroplanes ‘‘ self- 
contained.’’ The outcome of this debate will have a considerable influence on 
trans-Atlantic design. Apart from the methods of reducing ground friction, the 
other possible means of assisting take-off seem to be inapplicable to really large 
passenger aircraft, and it is doubtful whether they are economically applicable 
to the smaller mail plane. 


A. 


One passenger+mail aeroplane each way each 
night between Southampton and Montreal 
or New York.* 


Cruising speed 300 m.p.h. 
Still air range ... sf ... 5,000 miles. 
Passenger capacity... ie 50 
Mail capacity ... 32000 Ibs. 
B. D. 
One passenger aeroplane each One mail aeroplane each way 


way each night between South- 


I each night between Southamp- 
ampton and Montreal or New 


ton and Montreal. 


300 m.p.h Cruising speed ... {300 m.p.h. 

Still air range ... 5,000 miles. Still air range ... 5,000 miles. 

Passenger capacity 50 Mail capacity ... 1,500 Ibs. 

E. 

One passenger aeroplane each One mail aeroplane each way 
way every other night between each night between Southamp- 


Southampton and Montreal or ton and New York. 


New York.* 
Cruising speed ... 300 m.p.h. 
Still air range ... 5,000 miles. Still air range ... 5,000 miles. 
Passenger capacity 90 Mail capacity ... 1,500 Ibs. 


* It is possible for Montreal to be the terminal with a shuttle service to New York. 
for New York to be the terminal with a shuttle service to Montreal. 
for Montreal to be en route between New York and Southampton. This 
involves a loss of time between the terminals of about 14 hours. 
to run alternately from New York and Montreal. 
5: 
Possible overnight passenger and mail services between 
Great Britain and North America. 
Three possible schemes are shown, represented by (A), (B, D, E), (C, D, E). 


4.32. The Empire Route to Africa and the East. 

The Golden Road to Samarkand had no more romantic appeal and no greater 
importance than the great airway to the East. It is the greatest high road 
the world has seen; Air France use it to reach Indo-China; K.L.M. use it to 
reach the Dutch East Indies; and we go further along it still to reach Australia. 
At Alexandria it joins with the trans-Africa route to Durban. 


| 
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The present speed along these routes is, however, disappointing. Even so, 
the improvement on other means of transport is impressive; the journey to 
Australia takes 10 days by air compared with six weeks by sea. The fact that 
in 1932 the Douglas D.C.2, a standard air liner of the K.L.M., flew to Melbourne 
in the MacRobertson race in 2 days 23} hours suggests, however, that consider- 
able improvement in the schedule is possible. At present the greater part of the 
time taken for the journey is spent on the ground; the flying time to Sydney is 
less than 100 hours. This suggests that a tremendous saving would be possib! 
if the route were organised throughout for night flying, and the aircraft used 
provided sufficient space and luxury to make them tolerable homes for the pas- 
sengers for the long period of the trip. At present speeds, they would still have 
to live on board for about five days. 

I feel, however, that our aim should be for something much better than this. 
At present the route to Sydney is a 36-hole course; the longest hole is 533 miles 
(Koepang-Darwin) and the shortest 170 miles (Athens-Suda Bay). The numerous 
stops represent a great loss of time to the long distance traveller, and I put 
forward for consideration the idea of a fast service joining the main constituents 
of the Empire, with a service such as the present one acting as a feeder line all 
along the route. The fast service might be Southampton-Alexandria (2,563 
miles), Alexandria-Karachi (2,655 miles), Karachi-Singapore (3,433 miles), Singa- 
pore-Darwin (2,319 miles). The distances quoted are measured along the present 
route; on a more direct course they might be roughly 2,200, 2,100, 2,700, and 
1,800 miles respectively. It is conceivable that with an aeroplane comparable in 
performance with that I] have mentioned for the trans-Atlantic service, the journey 
could be done in 30 hours’ flying time. I have not made a study of the condi- 
tions which such a service would have to encounter, nor the restrictions imposed 
upon it by its necessary connections with the feeder service. I hope others may 
be sufficiently interested in the idea to work it out in detail. It does suggest, 
however, a possible two-day trip between Southampton and Darwin, and I sug- 
gest that this is the sort of advance to work for. On the trans-Africa route 
corresponding improvements appear to be possible. 

The aircraft used would need a greater degree of luxury than the trans-Atlantic 
craft. Its smaller fuel load would go a little way to making this possible. 
Besides providing ample space and entertainment for the passengers, it would 
have to keep them safe and comfortable in a variety of climatic conditions. 
Equipped to fly through icing conditions in which the travellers would welcome 
the central heating provided, it would have to be designed as well to keep them 
cool in the tropical regions of the routes. 


e 


4.33. The European Routes. 
The main characteristic of the European services from London must always 


be their high frequency. The intense competition between the European countries 
will ensure the continual elevation of operating speed. The frequency of the 


services from London to the other European centres would seem to make the 
appearance of really large aircraft on these routes unlikely, and one visualises 
for a long time to come the use of short range aeroplanes in the direct line of 
descent from the types now in use, providing day and sleeper accommodation 
very similar to that provided by the railways. The organisation of the routes 
to permit the extensions of night travel and night mail services are obvious 
developments. 

While on most routes it seems probable that a few highly developed conventional 
types, progressing in efficiency by relatively small but frequent improvements it 
design, will provide the services, conceivably the special conditions of the short 
London-Paris route may produce a specialised type of machine. It is possible 
that the volume and type of traffic may grow to dimensions demanding: ferries 
of great seating, perhaps even strap-hanging, capacity. If such a service could 
be run at cheap rates it might set a fashion in European international transport 
with inestimable benefits to the communion of European peoples. 
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4.34. The National Routes. 

It would be idle to pretend that there is great scope for internal air lines in 
Great Britain. The distances between aerodromes and towns so often make the 
effective speeds of air travel less than that of trains and automobiles. I feel, 
however, that there must be room for a highly organised service based on the 
plan of the Maybury Committee (10) (Fig. 1). The requirements would be the 
route organisation recommended by the Committee, permitting regular night 
operation, a high-speed civic-centre-to-aerodrome service in each terminal, and 
a fast small transport aeroplane. With modern equipment no terminal on Fig. 1 
need be more than two hours’ flying from any other. 

rhe chief virtue of all internal services is frequency. For all routes in Great 
Britain, therefore, we may expect to use relatively small aircraft for some time 
to come. I feel that we could use, when we really get going again, a fast ten- 
seater and a fast five-seater. | visualise these as robust all-metal aircraft with 
cruising speeds not less than 200 m.p.h. Such aircraft should find a ready market 
elsewhere in the Empire and in the rest of the world. 


4.4. Regulation and Safety. 

While everyone concerned with civil aviation is concerned with the maintenance 
and improvement of standards of safety, the responsibility for this duty rests with 
the regulating authority. The authority has a difficult task. The addition of 
safety so often means the addition of weight that it is sometimes resisted as 
uneconomical. Too fittle safety provision, followed by numerous accidents, is 
clearly uneconomical as people become frightened to travel. But at the other 
end of the scale, it is sometimes alleged that too much safety provision means 
pay loads so small that a service is not worth running. Such considerations have 
prompted the somewhat cynical query—What is the largest rate of accident the 
public will stand ? 

TABLE VI. 
Britisn AnD U.S.A. Crvitn Accipent Rates. 
Passenger miles per passenger fatality. 


Great Britain. U.S.A, 


Domestic, foreign and territorial services. 


Regular air services operated by United 
Kingdom Companies at home and 
abroad, including operations of asso- 
ciated companies of Imperial Airways, 
Ltd., on Empire routes. 


Data from pp. 13 and 14 of “ The Civil Data deduced trom Air Commerce 
Aviation Statistical and = Technical Bulletin, Oct. 15th, 1939. 
Review,” 1938, H.M.S.O. 
1932-1938 1938 | 1932-1038 | 1938 
3.7 15,500 | 4,097,300 | {3.220,660 19,861,131 


N.B.—It appears from p. 54 of the First Annual Report of the Civil Aeronautics Authority, 1939, that in the fiscal year 1939 
(apparently July Ist, 1938-June 30th, 1939), the U S.A. figure was 36,894,839. On p. 3 of that report it is stated 
that the figure for the year ended September Ist, 1939, for U.S.A. domestic airlines was 54,772,872. According to 
“ Flight,” April 25th, 1940, p 572, for the year ending March 26th, 1940, the figure becomes infinite, as there were 
in that period no fatalities at all. 

This is an interesting psychological question which is worth answering, but 
neither question nor answer should influence the regulatory authority. I think 
their twofold duty can be simply stated. It is for constant performance to make 
air travel ever safer, and as performance increases to see that safety shall never 
decrease. That we have some way to go is clear from Table VI. Complete safety 
is impossible of attainment—after a hundred years of railways there are still 
occasionally serious accidents—but the safety curve must be ever forced nearer to 
Its asymptote. 

It is unlikely that any responsible operator would differ from this view. Stating 
his problem on a mercenary basis, leaving out of account his natural desire to 
preserve the lives of his clients and crew, if his craft are only partially equipped 
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to deal with the meteorological vagaries of his route, then in inclement weathe 
the regulations and his own interests will forbid his flying, and his schedules wii! 
be adversely affected. Moreover, he runs the danger of meeting weather which 
has not been forecast and being unable to contend with it. With the best available 
safety equipment, the conditions under which he cannot run to schedule and the 
chances of danger through unanticipated weather conditions will be reduced to a 
minimum, and, commercially, despite the increased capital costs of safety equip- 
ment and the reduction in pay load they may incur, he is likely to be better off. 
It is clearly preferable to achieve safety by using aircraft designed to deal with 
adverse conditions than by staying on the ground when they occur, and it is 
highly probable, if this is the policy adopted, that though the number of passengers 
per aircraft flight may be reduced, the number of passenger-miles flown will 
greatly increase. 

If the provision of optimum safety is initially costly to an operator—in the long 
run I feel it must surely ‘* pay ’’—he must be assisted. It is essential that the 
policy of the regulatory authority shall not be dictated by any commercial 
considerations, unless indeed these be regarded as synonymous with reliability 
and life-preservation. 

The problem of aircraft safety falls roughly into two parts— 

The safety of the individual aircraft in the conditions it is intended to with- 
stand. This is a study of the aircraft per se—inherent safety. 

The safety of the aircraft in its relation to the organisation of which it forms 
part—extraneous safety. 


4.41. Inherent Safety. 
For an aircraft to be potentially safe when in motion in conditions it is intended 
to withstand, 
the airframe must be sufficiently strong, stiff and robust, 
the power plant must be of proved endurance, 
the airscrew must be sufficiently strong and stiff, 
the instruments must be adequate, accurate and reliable, 
the equipment must be adequate and dependable, 
the aircraft, regarded as combination of airframe, power plant, airscrew, 
instruments and equipment, must be a safe flying machine. 

If these conditions are fulfilled, the aircraft is described as airworthy. To ensure 
that the conditions are fulfilled, in all the leading countries of the world regu- 
lations are made defining conditions which aircraft must fulfil. The loads the 
structure must be capable of withstanding are laid down, its permissible degree 
of flexibility is prescribed; the tests the engine must pass are detailed; the 
properties of the airscrew are defined ; the nature and characteristics of the instru- 
ments and equipment, the measures to be taken to prevent ice accretion and fire, 
the provision of life-saving gear, are all dealt with in detail ; requirements designed 
to prevent accident from such causes as stalling, spinning, instability, lack of 
control, and fuel jettisoning are made; and the tests which the aircraft must 
undergo in the air are stated. To gain an idea of the amount of detailed regula- 
tion required to ensure that a high standard of safety is maintained, it is necessary 
to consult some of the national airworthiness codes now current (47, 48). The 
magnitude of the task of keeping these regulations abreast of development may 
then be appreciated. Development must never be hindered, but safety must be 
maintained. The ingenuity of designers and scientists never ceases to produce 
novelties in design—tricycle undercarriages, contra-rotating airscrews, wing 
sections with transition points farther and farther back, flaps of ever-increasing 
size and power, retractable ailerons, are recent examples of importance. The 
regulatory section of the controlling authority must analyse the effects of such 
devices and translate their analyses into rules for the safe civil use of the devices. 
This work was being done by the small technical staffs of the Air Registration 
Board and the Department of Civil Aviation before the war, and that greater 
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pressure was necessary was then clear. The dependence of regulation and safety 
on theory and experiment, and the need for corresponding facilities, was under- 
stood by the Board (27). These needs still exist, and in planning for the future, 
provision on a more generous scale than in the past for the maintenance of the 
regulatory standard is desirable. 

Under the current British system the staff required for the enforcement of 
regulations is, ceteris paribus, smaller than that required in other countries 
because the industry, under the approved firm system, collaborates with the 
regulatory authority. Firms having the requisite staff and competence, under a 
general supervision, guarantee that their design calculations and their construction 
are in accordance with the regulations. This system has so far worked fairly 
satisfactorily. For its complete success—the goal towards which we are striving— 
it requires that all firms reach the standard necessary to become approved, that 
an adequate body of technical and inspectional supervisory staff is maintained, 
and that the code of requirements, on which the system is based, is kept complete 
and up to date. 

The controlling authority has not only the job of ensuring that aircraft are as 
safe as the state of the art of aviation permits. It must also take all steps 
possible to improve the standard. In what directions must our efforts be directed 
to improve the inherent safety of aeroplanes ? 


4-411. Engines. 

The first cause of accident that comes to the minds of most of us is probably 
engine failure. The present tendency is to combat this by having more than one 
engine. This tendency also follows the limitation of the size of engine units and 
the structural advantage of spreading load across the span; but if, other things 
equal, a designer were able to supply 4,000 h.p. either in two 2,000 h.p. units or 
four 1,000 h.p. units, he would most often choose the latter because in the first 
case engine failure may rob him of half his power, while in the latter he is 
unlikely at one time to lose more than one-quarter. In certain sizes of aeroplane, 
however, the best economic solution is the twin-engined type, and it is undesirable 
in these cases that the twin-engine arrangement should be rejected because of the 
consequences of engine failure. We must not, therefore, accept the present degree 
of reliability of engines just because by multiplying their number in a design we 
can avoid serious consequences when they fail. We must strive for greater 
reliability. With dependable power plants, the dangers of taking off and forced 
landing are enormously reduced. 


4.412. Structures. 

There is always the possibility of structural failure. In recent years this has 
largely been confined to retractable undercarriages, but there have been enough 
failures of other kinds to indicate that we have no cause for complacency. The 
dangers are 

straining after reduction in dead weight, 
ignorance of the characteristics of new forms of structure and material, 
ignorance of the applied loads. 

In the case of the first of these, the remedy lies in the continued refinement of 
methods of calculation and test. If we assume for the moment that the conditions 
of loading are known—that is, that we know the worst accelerations and gusts 
which the structure can reasonably be expected to withstand—we need to develop 
more and more exact methods of designing and proving the integrity of the 
structure. As an example, it is at present common practice to assume that the 
applied loads are unaffected by distortion of the structure to which they are 
applied. In fact, however, the twisting of a wing under the aerodynamic loads 
corresponding to some chosen acceleration is sufficient to modify the distribution 
of the loads, and the correct system is the one which is consistent with the 
deformation it produces (50). This effect is commonly ignored, and there is little 
doubt that in future it will have to be taken into account. 
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Another source of weight-saving in the structure is the fittings. In most forms 
of construction they represent a considerable proportion of the structure weight. 
Here a saving will follow increase in the knowledge of how stress is distributed 
around holes, in the region of rivet lines, and at corners. 

The second danger, in a responsible industry, is not great. For some time 
past, intensive experiment and research has been conducted in plastic materials, 
and it is unlikely that any such material will be used for primary strength in a 
civil aeroplane until certain weaknesses have been deleted. In recent years the 
best example of a new method of construction is the geodetic system. This was 
the subject of intensive research, theoretical and experimental, before it was 
incorporated in an aeroplane. This policy of careful preparation for the use of a 
new structure or material may be assumed to continue. 

Ignorance of the applied loads is probably the greatest danger from the 
structural point of view. The applied loads are of two kinds—those induced by 
manipulation of the controls and those consequent upon the weather. In other 
words, the loads may be due to accelerations produced by the pilot or produced 
by gusts. 

The usual procedure is to design to meet the worst accelerations of either kind 
which are likely. In the case of an acrobatic civil aeroplane, provided that 
precautions are taken to ensure that the aeroplane has no inherent tendency to 
increase any imposed acceleration, the greatest acceleration is likely to be little 
more than that at which the pilot blacks out. This is a variable quantity, 
depending upon the pilot and his posture, but is of the order of 6 g. Some reserve 
of strength on this figure is required, and the present ‘‘ acrobatic C.P. forward 
factor ’’ of g does not suggest too great a margin. Research on blacking out 
will, perhaps, throw useful light on this. 

In the case of the air liner, violent accelerations of the kind described are not 
permissible or, in fact, necessary. The pilot is one specially trained and licensed 
for his job, and he is not permitted to do violent manceuvres. The factors of 
safety and accelerations used in design are not really directly related to the pilot's 
manceuvres, and in fact the only serious accelerations likely to be induced 
deliberately by the pilot are in avoiding collision, a circumstance which must be 
precluded by organisation rather than allowed for in design. 

The conditions we use for designing to withstand gust actions are to some 
extent arbitrary. Clearly, in the early days they had to be guessed. Later, they 
were adjusted in the light of experience. We are now at the stage when we need 
to relate statistically the conditions met with to the conditions used in design. 
Work of this kind has been done here, in America (51), and in Germany (52). 
Frequently the procedure has been to fit accelerometers to aeroplanes and to record 
the accelerations over a long period. A more modern and improved method is to 
record simultaneously speed and acceleration (51), as these two quantities are 
normally related. Simple apparatus for this purpose is available. 

It is essential to know in the case of a particular air route that the conditions 
which occur are within the compass of the aeroplanes using the route. Alterna- 
tively, an airline operator will want to know whether his aircraft are uneconomical 
through having an unnecessarily high reserve strength to meet the conditions of 
the route. Clearly, therefore, on all routes the velocity-acceleration recorder 
should be carried, and, in order to obtain the greatest mass of data in the shortest 
time, on all the aircraft flying the routes. In addition, as many as possible private 
aircraft should be similarly fitted and the records related if possible to the areas 
in which they fly. This work should be instituted as soon as possible. Results 
of great interest are bound to emerge. Inevitably it will be found that the severity 
of the accelerations is associated with route, speed and season, and I should 
expect that certain routes and areas would, on the evidence collected, demand 
stronger aircraft than others. If this is so, there should be no logical bar to 
licensing aircraft according to the routes for which they are suitable—a matter 
which I have already referred to in $4.3. ; 
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4.413. Ice. 

The next great problem of inherent safety is ice accretion. Ice affects aero- 
planes in at least seven ways. It interferes with carburation and so causes engine 
failure. It adheres to airscrews and causes lack of balance, which can wreck 
airscrew and engines. It sticks to wings and destroys their aerodynamic qualities. 
It gets into the hinge gaps of control surfaces, causing them to jam. It forms 
on struts and aerials, and can, in consequence, produce structural failure. It 
forms on windows and obscures the pilot’s view. It forms on pitot heads, inter- 
fering with airspeed indication. 

It is safe to say that the problems of engine and instrument icing are solved, 
and that all that is now needed is a strong policy insisting on the incorporation 
of the safety measures in all aircraft except acknowledged fair weather craft, which 
must expect to be grounded when icing conditions are as much as suspected. 
We are learning, too, how to deal with the hinge gap and window problems. 

The slinger ring method of airscrew de-icing has been fairly successful, but does 
not always work. This is a problem for intensive research. 


Fic. 6. 
Ice formation on wings. 
N.B.—Sketches not to scale. 


The prevention of ice formation on wings cannot be regarded as_ solved. 
Assuming that it is necessary to prevent the formation of ice on wing's, the goal 
is a method which is 100 per cent. effective and does not interfere with the 
aerodynamics of the wing. The best device to date cannot claim 100 per cent. 
efficiency, and, because of the nature of its attachment and method of working— 
by gross deformation of the wing leading edge profile—it is aerodynamically 
damaging. There are other methods in varying stages of development, but of 
them all, only one is effectively free from aerodynamic disadvantages. This is 
the use of heat. This method has received little attention here, but has been 
examined in some detail in Germany and America (54). If we must de-ice wings, 
we must put a lot of energy into developing this method. 
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I have indicated that there is some doubt whether wing de-icing is necessary 

I think most of us feel that it certainly is, but we must make quite sure before 
nuch more time and money are spent on developing wing de-icing devices. The 
doubt arises in this way. The early accidents seem to have been due to ice building 
up in the form shown in Fig. 6-1 on the leading edges of wings which wer: 
thin ’’ (53) 

in the absolute sense of the word, 

in the sense that the thickness/chord ratio was small. 
This distortion of the shape clearly ruins the airflow and is highly dangerous. 

On the leading edges of certain other wing's the ice seems always to have built 

up in a neat form (53), as shown in Fig. 6-2. These wings were “ thick ”’ 

in the absolute sense of the word, 

in the sense that the thickness/chord ratio was large. 
No doubt this change of wing section has some effect on the airflow. But the 
change is likely to correspond with a change from one aerofoil to another only 
slightly, if any, worse, and in flight no deleterious effects were noticed. It is 
possible, therefore, that wing sections could be chosen for which ice accretion was 
not dangerous and which consequently required no de-icing devices. Whether 
the wing section proportions are the only variable in the problem, or whether 
absolute size has an effect, can only be settled by careful theoretical and experi- 
mental investigation which takes account of speed and the different conditions 
under which ice can form. In my view this is a matter to be dealt with at the 
beginning of the civil research programme. 


4.414. Fire. 

Fire in the air is already fortunately rare, but its prevention is still one of our 
most serious problems. More common is the danger of fire after crashing ; this 
risk diminishes with improved reliability of aircraft in flight, but this natural 
improvement must be augmented. It can be proved that in many aeroplane 
crashes the occupants are dead before being burnt, but unless this were always 
the case, the development of crash-fire prevention must go on. 

Fire in the air may arise from three obvious causes— 

engine failure, 
passenger carelessness, 
fuel jettisoning. 

The methods of combating them are well known. Engine fires can be combated 
by fire-fighting equipment placed in the engine compartment. Passenger 
carelessness can be combated by the use of fire-proofed furnishings, strict control 
of the time and place when and where smoking is permitted, and in the last resort 
by easily accessible extinguishers in the cabin. Danger from fuel jettisoning, 
resorted to only when danger of some other kind is already present, is prevented 
by correct design based on research and experiment. Our policy in future must 
ensure that all these measures are taken full advantage of. 

However efficient our fire-fighting methods may be, it is obviously better to 
prevent the fire occurring. In the case of engine fires, the root of the trouble may 
be a vibration, caused perhaps by a structural failure in the engine, which fractures 
a pipeline, which permits fuel to reach a part hot enough to ignite it, which starts 
a fire which may burn through further pipelines. The elimination of vibration, 
the development of vibration-resisting and fire-resisting pipelines, and_ the 
discovery of fuels with high flash points, are all clearly important parts of fire 
prevention. ‘‘ Safety fuels ’’ have, in fact, been developed. They cannot be used 
with ordinary carburettors, but could be directly injected. This is an important 
virtue of the direct injection engine, and is a sufficient argument for its intensive 
development. 
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4.415. Aerodynamics. 


Accidents to civil aeroplanes from stalling and spinning, which are generally 
associated, still occur. When operating in the region of the stalling speed, as in 
landing and take-off, the stalling speed is sometimes reached inadvertently. Then 
lift is lost, and sometimes, unable to regain flying speed, the aeroplane hits the 
ground. In many cases one wing stalls before the other and drops, and the danger 
is often aggravated because the pilot is unable to lift it again before the aeroplane 
touches ground. Another consequence of unsymmetrical stalling is spinning. 
Spinning can also, of course, be deliberately produced. 

In civil aviation, spinning has no value. A number of private owners of small 
aircraft like to indulge in it, however, and as they are one of the sources of 
R.A.F. man-power in times of emergency, they should, perhaps, not be 
discouraged from practising a manceuvre which may conceivably be of value on 
military occasions. 

The ideal position for the commercial or airline aeroplane is that it should be 
prevented from stalling. This is not practicable. Warning of the approaching 
stall can be arranged, but this, like the device of limiting elevator movements, 
does not prevent stalling due to a sharp up-gust. The most reasonable courses 
are 

to provide a stall warning indicator, 

to try to ensure that if a stall occurs, it will be symmetrical—that is, the only 
result will be a dropping of the nose of the aeroplane, 

to make the aeroplane unspinnable. 

All these safety measures are obviously possible, but are frequently ignored. 
It is, perhaps, unnecessary to employ all three together. That is a matter for 
technical discussion. The important point is that at present only the second is 
employed, and that only occasionally. 

There are several possible practicable forms of stall warning indicator. Slots 
are available to defer, and maintain the symmetry of, the stall; they add drag, 
and in consequence other means are continually being sought. Of the three 
courses, least is known about making the aeroplane unspinnable, but as some 
aeroplanes are found to be unspinnable,.it is clearly possible and worth investi- 
gation. 

In the case of the sporting aeroplane, control of the stall is equally desirable. 
If this is achieved, the aeroplane should be incapable of inadvertent spinning. 
Deliberate spinning should be possible, but quick recovery insisted upon. 

By measures of the kind I have described, the controlling authority could delete 
inadvertent stalling and spinning from the list of accident causes. 


4.416. Flutter. 


All aviation authorities recognise the danger of flutter. It is a disease of the 
aeroplane which has been treated more successfully than most of the other 
potentially fatal complaints. Accidents from stalling and spinning are still 
frequent; accidents from flutter are, in British civil aircraft at any rate, rare. 
The future policy, like the present policy, must be to keep flutter at bay. 

When flutter first occurred it was traced to the ailerons. Mass balancing 
rendered them innocuous. This measure, however, is of no avail against the 
coupled flapping and twisting motion which can occur with catastrophic results 
ina wing. This type of flutter has been anticipated ; attention to the resonance 
characteristics and stiffness properties of wings has so far prevented its occurrence 
in British aircraft. But the problem is becoming more complicated ; wing engines 
and twin ruddered tails bring more and more difficulty into the problem. The 
battle against flutter is continuous, and if the present immunity is to be main- 
tained, there can be no easing of the pressure. The chief danger to be guarded 
against in the future is a sense of security. 
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4.417. Flight Testing. 

However detailed the test flying done before the issue of a Certificate 0! 
Airworthiness, it rarely brings to light all the weaknesses of a design. Some- 
times faults make their first appearance on scheduled passenger trips, causing 
delay, danger or accident. I consider that a new type destined for passenge: 
service should run for some months on scheduled service carrying only mails 
and goods in order that the weaknesses which can only be brought to light by 
continuous operation under a variety of weather conditions can be eliminated 
before the aircraft goes into passenger service. | believe this is standard practice 
in France. In the U.S.A., the law requires 1oo hours of scheduled operation 
before passengers can be carried (78). In the opinion of Mr. Lederer, who has 
written an admirable paper on safety in air transport, this is not enough; he would 
have a year in order to experience extremes of weather (55). It might be pessible 
in the British Empire to experience sufficiently extreme conditions in a shorter 
time. It is interesting to remember that a new route is tried thoroughly with 
‘‘ old ’’ passengerless aircraft before passengers are carried along it; to try 
new aircraft without passengers on ‘‘ old ’’ routes is a natural corollary. I con- 
sider the matter is an important one to be studied by the regulatory authorities. 


4.42. Extraneous Safety. 

The steps taken to ensure the inherent safety of aircraft do not guarantee 
safety in operation; as stated already ($4.31) the aircraft must operate ‘ in 
conditions it is intended to withstand.’’ To elaborate this, 

aircraft must be maintained in a safe condition, 

aircraft must be repaired after mishap in such a way that the original 
standard of safety is restored, 

operating personnel must be competent, 

aircraft must be constrained to fly by night and by day, along pre-arranged 
routes which have been thoroughly explored, 

aerodromes must be safe and equipped for blind landing, 

aerodrome traffic must be controlled, 

the weather must be forecast, 

aircraft must be correctly loaded. 


The maintenance of aircraft is in the hands of Ground Engineers, who are 
supervised by the Surveyors of the Air Registration Board. The Ground Engi- 
neer is not allowed to practise without a licence which is obtained through an 
examination conducted by the Board. Before a passenger-carrying aircraft can 
begin a day’s flying, Ground Engineers have to certify that it is fit to fly, and 
the Ground Engineer has become in recent years more and more conscious of 
the importance of his calling. With the development of metal construction and 
the increasing size and complication of the modern aeroplane, the knowledge and 
experience required of a Ground Engineer has increased correspondingly. Before 
the war began it was already apparent that more searching examinations had 
become necessary and the Air Registration Board had begun to examine the 
problem of elevating the standard. They will continue this work as soon as they 
are able, and I will make no attempt to foreshadow their decisions. That they 
will have to examine the possibility of licences of different standards is clear, 
however, for the man who certifies an Empire boat is obviously required to have 
knowledge and experience on a very different scale (though not of a different 
standard) from that of the man whose responsibilities are limited to, say, a 
Moth. A useful analogy is the gradation of licences (‘‘ tickets ’’) issued bv 
the Board of Trade to marine engineers. Apart from the desirability of giving 
a man a qualification corresponding to his ability, the existence of ‘‘ higher 
degrees *’ is an excellent incentive whether in Universities or Ground Engineering, 
for the young men who have graduated. 
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The repair of aircraft requires little comment. The present system of repair 
by firms or Ground Engineers, appropriately approved or certificated for the 
purpose, under the supervision of the Surveyors of the Air Registration Board, 
works satisfactorily and may be expected to continue to do so. 

rhe most difficult problem in improving safety is the minimisation of the 
personal equation. In all forms of transport there is a large proportion of 
accidents attributable only to error of judgment. With all the most modern 
aids of navigation at his hand sometimes the captain. grounds his ship; despite 
the most meticulous devices, the signalman allows two trains to collide. In the 
operation of aircraft, after we have provided the most elaborate radio means 
to keep the aeroplane on its course, the most accurate beams to guide it to 
ground, we must expect occasional disaster. 

There are clearly two main courses of action. The first is to select the airline 
pilots with care and to train them thoroughly; this is standard practice and is 
further dealt with in $4.7. The second is to ensure that routes and aircraft are 
thoroughly tested in operation and adequately equipped with radio navigational 
apparatus and the means for blind landing. Great strides have been made in 
recent years in the development of radio aids (56, 57), and in the future we 
must aim for the development of ever greater accuracy and the generous equip- 
ment of our routes with the latest apparatus, to the end that we may fly in safety 
by day and by night, in fair weather and foul. 


4.43. Accident Investigation. 

The job of the safety regulatory section of the controlling authority is to 
prevent accidents. It must therefore analyse all the accidents that occur—if 
possible obtaining information on foreign accidents—in order that the appro- 
priate steps may be taken to prevent their recurrence. This is a fundamental 
principle in safety administration. 

In this sense the word ‘‘ accident includes mishap. The controlling 
authority must be aware of the cause of a trivial mishap because the same cause 
might, on another occasion, produce more serious consequences. 

In planning for the future, I would budget for a purely civil accidents investiga- 
tion section, the duties of which would include the investigation of every accident, 
the full and quick publication of the findings, and the collection, through the 
offices of the surveyors, inspectors and ground engineers, of records of every 
mishap. The significance of the causes of the accidents deduced by the accidents 
section and the examination and statistical appraisement of the reports of the 
mishaps would be the concern of the safety regulation section. 


” 


4.5. Design and Construction. 
4.51. The Design Problem. 
The continual improvement of aeroplane design is the expression of desire for 
greater safety, 
greater convenience for passengers, 
greater economy, 
greater prestige (Imperial, national, or private). 

Improvements in safety lead to the consideration of such matters as fire pre- 
vention, de-icing, radio aids, flutter prevention; the study of passenger con- 
venience leads to consideration of the appropriate fast speed of flight, over- 
weather flying, pressure cabins, smoking compartments, furnishing, and so on; 
the need for economy is the driving force behind the search for reduction of 
drag, fuel consumption, and structure weight ; prestige urges us to greater speeds 
and greater sizes. 

The design of an aeroplane is a compromise between the four qualities of 
safety, convenience, economy and prestige. Safety is a quality of a different 
order from the others in that it admits of little compromise and its attainment is 
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a pre-requisite for the attainment of convenience, economy and prestige. I have 
discussed it fairly fully in $4.3. Passenger convenience I have touched upon in 
discussing operational requirements ($4.2). Certain aspects of economy | deal 
with later (§4.8), and prestige was part of my initial thesis ($3). In this section 
on design and construction I shall make no attempt to examine the future re- 
actions of design to these four qualities, but shall assume that the developments 
I envisage are consistent with a high degree of each of them. 


4.52. Design Initiative and Policy. 

Our future success will depend in large measure on our technical initiative. 
We must have ideas, develop them, and use them. Too often we seem to have 
had ideas and forgotten them until others have developed them. In the histories 
of, for example, flaps, metal construction, and retractable undercarriages, we 
make a creditably early appearance, but we only used these devices when their 
value had been proved elsewhere. This may have been partly due to bad judg- 
ment and partly due to the fatuous notion that it is cheapest to let someone else 
develop a new idea because they will make all the inevitable mistakes and we can 
copy when they have perfected it. This never pays. To develop is to gain 
experience and to gain a start. Most probably, however, our hesitation in the 
past to develop our own ideas has been chiefly due to the absence of a progressive 
civil policy. A declared programme including, say, the institution of a fast non- 
stop daily passenger service to North America and a daily departure for Australia, 
requiring the development of high speed mail planes and types specially designed 
for the internal lines of Britain, Australia, Canada, India, Africa; encouraging 
the testing of unconventional designs and providing opportunities for the develop- 
ment of promising ideas-—such a programme would be an inspiration to civil 
design. Without some such policy our civil design will become pedestrian, 
afraid to dare, making the big jumps—like the increase of wing loading due to 
flaps, the change of technique due to nose wheels—only when they have been 
successfully cleared by the leaders. Some of the big jumps of the future, still 
vague in outline, are appearing on the horizon—pressure cabins, laminar boundary 
layers, pusher airscrews, Diesel and direct injection engines, all-wing aircraft. 
Any one of these things could have profound effects on design, and we should be 
estimating, designing, building and testing to assess them. 

In the future, then, the design and construction policy will need to have one 
eye on the present and the other on the future. This policy would encourage, 
on the one hand, the provision of types to meet the civil needs of the day, 
incorporating as many as possible of the latest fruits of research; and on the 
other hand, would encourage the design of types embodying features, hitherto 
untried in the air, which theoretical or laboratory work suggested might be of 
value in the public vehicles of the future. 

Examples of this latter class would have to be selected for construction with 
great care, after close criticism of the evidence in favour of their unconventional 
features, and having regard to the need for comparing their performances with 
competing designs based on different conceptions. It is of interest to consider 
some of the possibilities which might with advantage be tried. 


4.53. The Influence of Airscrew Position. 

The most modern air liner of to-day is very like that sketched in Fig. 7-1. 
The slipstream from the airscrews, by increasing the airspeed over the wings, 
enhances the lift and so improves take-off or, alternatively, permits higher loading. 
This same slipstream, however, encourages turbulence in the airflow over the 
wings, and so reduces the extent of the low drag laminar flow area. With the 
possibility of developing wings with the transition to turbulent flow much further 
aft than formerly, the disadvantage of the disturbing effect of the slipstream may 
well outweigh the effect of increasing lift. It wouid be instructive, therefore, to 
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FIGs: 


Arrangements of tractor and pusher airscrews. 
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design an aeroplane to take maximum advantage of the pusher airscrew. In 
such an aeroplane it would be necessary to ensure that the cooling air for the 
engines entered and left without. disturbing the laminar flow over the wings. 
Because of the need for keeping the centre of gravity of the aeroplane at the 
centre of lift, it might not be possible to change the positions of the engines 
appreciably. This would mean shaft drives to the airscrews—a retrogressive step 
from the weight point of view. The final design is indicated in Fig. 7-2. 

The restrictions imposed by the centre of gravity consideration I have mentioned 
have urged the engines forward from the wing leading edge. When the nacelles 
carry airscrews ahead of them, the result, probably because we have become used 
to it, looks right enough. When the airscrews are displaced to the rear, however, 
the projecting engines have a purposeless appearance. What other arrangements 
are possible? If the aeroplane is large, it is probable that the centre of gravity 
difficulty can be overcome to allow the engines to be submerged in the wings (77). 
Another and more easily achieved possibility is to arrange the four engines in 
two nacelles, as shown in Fig. 7-3. With this arrangement, with which a solution 
to the centre of gravity problem is possible, a little lift from the slipstream is 
available, and the drag increase due to turbulence is less than what it is with 
four tractor screws. Moreover, the two pairs of tandem airscrews may have a 
higher efficiency than the four single airscrews, and on the balance this arrange- 
ment may possibly be superior to the others. 

The three arrangements of Fig. 7 should be compared. To do this, three designs 
would have to be made, all with the same power plant, useful load and range. 
If the estimated speed of either of the less conventional schemes, assuming full 
advantage of the laminar flow possibilities is taken, was appreciably superior to 
that of the current arrangement, there would be a case for constructing an experi- 
mental prototype to check the design under operational conditions. 


4.54. The Influence of Size. 

Other schemes which could with advantage be considered in detail, and possibly 
made the subject of full-scale experiment, arise from the consideration of the 
design of large aeroplanes. 

I have previously discussed in an elementary way the general problem of the 
large aeroplane (58). I then explained the necessity for spreading the masses 
across the span and of distributing the landing and take-off reactions in order to 
neutralise the tendency of structure weight to increase uneconomically with 
increase of size. This led naturally to the idea that very large aeroplanes will be 
all-wing aeroplanes. The arguments for this were largely structural, and were, | 
believe, quite sound. They concluded with a sketch design for an all-wing flying 
boat of 500,000 Ibs. all-up weight. 

Now, as | subsequently indicated in another lecture (59), while the all-wing 
arrangement is highly efficient structurally, it is efficient as a load container only 
in very large sizes. This is because the ratio of surface to volume for a wing is 
large in comparison with that ratio for a fuselage and because head room is 
restricted. These disabilities clearly become less and less marked as size increases. 

To make this point clear, consider the case of, say, a 20,000 lb. aeroplane. 
For a wing loading of 30 Ib./ft.* its total surface area would be about 3,000 ft.’. 
Its fuselage would have plenty of head room, and its wings, nowhere more than 
3 ft. thick, would carry nothing but engines and petrol. If one were determined 
to make an all-wing aeroplane of the same all-up weight, the maximum wing 
depth would have to be about 8 ft. instead of 3 ft., and even allowing for a wing 
section half as thick again, its superficial area would be about 10,000 ft.?. 

When in the natural course of things, however, the wing has reached a size 
capable of containing passengers, it is clearly wasteful not to make some reduction 
in fuselage size; and when, as in very large sizes, the wing is able to contain the 
useful load, a fuselage is clearly an unnecessary appendage. 
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) These considerations suggest that as we make aeroplanes larger and larger, 
al we may expect a transition from the characteristic construction of wing and 
fuselage, with which we are now familiar, towards the all-wing arrangement. In 
that the argument ignores the effect of form and improvement in structural 


; materials on structure weight, it is inaccurate; but in that the transition permits 

) the spanwise spreading of load, it is consistent with the maintenance of structural 
efficiency. 

1 It should be noted that even on the basis of constant distribution of mass in a 

5 wing-fuselage arrangement, the fuselage tends to diminish relatively to the wing 
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the fuselage volume is then required to increase proportionately with the wing 
area, and while wing area varies as the square of the linear dimensions, the 


fuselage area varies only as the 3/2 power. 

This matter of the future proportions of large aircraft seems to me to be a 
matter of primary importance. The change of shape seems to be required on 
aerodynamic grounds and for structural economy. Instead of waiting for it to 
happen, may we not anticipate it and examine some of the problems it will bring 
in its train? With the idea of making a start in this direction, with the valuable 
help of Mr. W. Tye, I have tried in Appendix IV to make the general argument 
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I have given quantitative, dealing with aeroplanes the main duty of which is the 
carriage of passengers. I do not claim that it is exact, but from it we can get an 
idea in terms of all-up weight of the nature of the transition. 

rhe nature of the results can be appreciated from a study of Fig. 10. The 
ordinates of the full lines give wing stowage space and the difference between 
corresponding ordinates of the dotted and full lines gives fuselage stowage space. 
Taking 50 lb./ft.* as a wing loading likely to be realised in practice soon, and 
following the appropriate line in the diagram, we see that for small aeroplanes 
there is no room for passengers in the wing. At 100,000 Ib. the wing begins to 
have a little accommodation in it, and for a 15 per cent. stowed load at 280,000 lb. 


20% 
& 
= 
5 ENLARGEMENT OF 
J _}10% OF MAIN DIAGRAM 
ALS 2 
WITH 16 LB/FT! 
< LINE ADDED. 
= 
wie 
50 100 
ALL-UP WEIGHT = 
(LB) ral 
Qa 
1,000 
| 
VOLUME AVAILABLE IN WING 
— — VOLUME REQUIRED 
W = WING LOADING | 
| 
80 | 20% 
=~ 
= 
= 
> 
2 10% 
< 
= 
re) 
ip) 
= 
re) 
re) C 200 400 600 800 1,000 
ALL - UP WEIGHT 
1,000 (LB) 
BiG. 10: 


Stowage in wings and fuselage (6 ft. head room limitation). 


716 H. ROXBEE COX. 


the wing can accommodate as much as the fuselage. At 380,000 lb. there is no 
need for a fuselage. Fig. 11 emphasises that true all-wing aeroplanes will be 
big. From Fig. 13 we see the gain in performance obtained by utilising the wing 
for stowage ; the assumptions made in calculating this figure favour the ‘‘fuselage’’ 
type of aeroplane. 

It is interesting to realise that had the means of increasing wing loading been 
delayed a few years, we might by now have seen the all-wing aeroplane in being. 
The first steps were in fact taken in a most notable German aeroplane, the 
Junkers G-38 (Fig. 14), designed by Dr. Junkers, who took out a patent for an 
all-wing aeroplane in 1907. The G-38, with its wing loading of 16 lb./ft.? and 
with a stowed load of about 13 per cent. of the all-up weight, fits well into Fig. 1o. 


The transition is illustrated pictorially in Figs. 15 and 16. Fig. 17 shows 


possible layouts for the smaller trans-Atlantic aeroplane for which the ‘‘ require- 
ments ’’ were developed in §4.3. 
| | 
T AD 
= = 20% 15% 10% 
1,000 ALL -UP WEIGH 4 
| | 
| ! 
| 
800 
| 
| 


| 
600 
| 
219 400 | 
| 
alo 
5|= 
| 
5 | 
| 
200 /— = 
— | 
0 20 40 60 80 100 


WING LOADING (L8/FT?) 


PIG. 


Minimum size of true all-wing aeroplane 


(stowage density 2.5 lb. ft.°—6 ft. head room limitation). 


RATIO OF FUSELAGE 


FINENESS 


LOOKING FORWARD. 


There does not appear to be any fundamental difficulty in building an aeroplane 
of this size (58, 60). Taking full advantage of the opportunities for spreading 
the carried load and of the modern high wing loading, the structural problem 
appears, if anything, less formidable than the problems which were faced and 
solved by the designers of the Dornier Do.X and the Maxim Gorki, respectively 
the largest seaplane and landplane yet built (Fig. 18). 


4.55. Landplane or Seaplane. 
Probably the most contentious matter with which we have to deal is whether 
the large trans-oceanic aeroplane should be a seaplane or a landplane. In small 


sizes there is little doubt that the landplane is the more efficient craft, but in large 
sizes the issue is less clear-cut. 
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If the question were merely one of employing the craft of best performance, 
there is a good case to be made for the large flying boat. Visualising craft of 
more or less conventional outline, Sikorsky concludes (61) that despite starting 
at an aerodynamical disadvantage, the performance of the large flying boat is 
superior to that of the large landplane because of the advantage it achieves in 


structural economy. This is largely due to the fact that a hull combines the duties 
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of carriage and sustentation on the water (the wing floats are for stabilisation, 
not sustentation), whereas the fuselage is the ‘‘ carriage,’’ while its landing gear 
is a separate apparatus, the weight of which grows with size more rapidly than 
that of the rest of the structure. Moreover, landing gears seem inevitably to 
incur large concentrations of load, whereas the hull loads, though more central, 
are better spread. The structural gains from distribution of alighting load can 
probably ultimately be further exploited in flying boats than in landplanes, though 
once we begin to extrapolate from the current shape into the geometry of the 


FIG. 14. 


Junkers G-3 


future, we are on dangerous ground. It is pertinent to remark here that Nature's 
largest creature, the whale, is sustained by a distributed load; the great land- 
going saurians, although they were smaller and dragged a considerable portion 
of their mass behind them, had factors of safety so low that they failed to survive. 

A further advantage of the flying boat is its independence of aerodromes. The 
large aeroplane will need expensively large and well-prepared grounds. On the 
other hand, the idea that the large flying boat can make long take-off runs on 
the open sea is probably wrong; it will need relatively sheltered waters. Such 
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waters are, however, available for the trans-Atlantic route. Moreover, shou!d 
conditions be so bad as to prevent the large aircraft alighting at its destination, | 
the flying boat would probably have more alternative ports than the landplane. ) 
Perhaps the most powerful argument that can be brought against the flying | 
boat concerns its running and maintenance. In the past it has been highly 
susceptible to damage from flotsam. Repair of such damage is usually impossible ] 
unless the craft is brought on to the slipway. Ordinary routine maintenance and 
inspection is much more difficult at moorings than in a shed. Taking on 
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passengers and fuel is a more elaborate business. Either careful manceuvring wi 
to a landing stage, comparing unfavourably with the taxi-ing of the landplane to an 
the apron, is required, or else tenders and petrol barges are necessary. In this of 
argument the landplane seems to score heavily, but | suggest there is a danger ple 
of over-simplifying the matter. The problem is fundamentally one of economy ; of 
for the inconveniences mentioned can be largely neutralised by expenditure on of 
apparatus. If this is agreed, then the problems of running and maintenance th; 
cannot be separated from the vast problem of overall economy of operation ae] 
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The obvious maintenance disadvantages of the large flying boat must be balanced 
against its superior performance, the cost of clearing the water of flotsam must 
be weighed against the cost and maintenance of aerodromes with smooth runways. 
Looked at in this way, I think we are still a long way from deciding whether 
the land or seaplane is the more economical for trans-Atlantic operation. The 
problem needs close study and the collaboration of accountants, mathematicians 
and operators. 

Finally, in the general comparison of the landplane and flying boat, there is the 
question of safety. This reduces to consideration of relative safety in forced 
alighting, as in all other respects there is no reason for difference. Supporters of 
the flying boat sometimes claim that, being a boat, it will stand a better chance 
than the landplane if forced to alight in the open sea. In examining this propo- 
sition, I think that we should first realise that, with four engines, ability to fly 
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Possible all-wing ’’ seaplane. 


with one, or even two, out of action, meteorological information, de-icing gear, 
and the performance and technique for over-weather flying developed, the chances 
of forced alighting should soon be negligible. If, moreover, both land and sea- 
planes are assumed to be adequately equipped with life-saving gear and means 
of radio and pyrotechnic communication after abandoning ship, the relative ability 
of the two types to live in the sea becomes a minor consideration. It is known 
that a landplane can be made to alight well on water without developing any 
aerodynamic demerits. It remains to ensure, then, that both types can last long 
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enough to permit the escape of the passengers and crew. This is structurally an 
easier matter in the flying boat than in the landplane; it involves compartmenting 
and double bottoms, which do not come naturally to the landplane. I am of the 
opinion that the landplane could be made as safe as the flying boat in a sea, but 
at a considerable cost in structural efficiency. If it had otherwise an overwhelming 
superiority over the flying boat, the landplane could perhaps afford this structural 
cost of catering for a remote contingency. As it has no such superiority, and as 
the only permissible safety policy must permit no concessions, the landplane 
appears at a serious disadvantage. 

The probability of the trans-oceanic aircraft having to alight on land is very 
small; the flying boat would probably behave as well as the aeroplane with wheels 
retracted. 

In the particular case of the northerly trans-Atlantic service, there is another 
important facet of the landplane versus seaplane controversy. While Southampton 
can, for all practical purposes, be considered ice-free all the year round, ice prevents 
the use of Montreal in the winter months. There is, on the other hand, a serious 
snow problem for the land aerodrome there, but on the balance, on this com- 
parison, the landplane scores, as the problem of snow clearance can be dealt with. 
On the Southampton—New York service, the seaplane would occasionally be 
unable to use the Western terminus, but the supporters of the seaplane would 
argue that in such emergency it could go to Baltimore, which is ice-free except in 
most abnormal winters. If one may assume shuttle services from Montreal and 
Baltimore to New York, the ice argument against the seaplane is disposed of at 
the cost of an hour or two of time lost, 

My summary of the landplane versus flying boat controversy seems to favour 
the flying boat. I should like, therefore, to make clear that I do not regard the 
controversy as settled, that the superior performance of the large flying boat is 
only probable and not proved, that the paramount problem of overall economy has 
not even been tackled, and that the forced alighting argument may be the 
challenge the landplane designer needs to produce a light seaworthy fuselage. 
It would be premature at this stage to attempt a summing-up. 


4.56. Pressure Cabins. 

In this discussion of the future trans-Atlantic aeroplane there is still one 
important factor to be mentioned—the pressure cabin. For crossing high moun- 
tains the pressure cabin is essential, but is it necessary for the Atlantic (cf. $4.31)? 
This is an important question. If the answer is in the affirmative, the transition of 
form I suggested may be retarded, because the pressure cabin tends to be cylin- 
drical and is consequently conveniently housed in a fuselage. For the same reason, 
in the nearer future, the fuselage landplane may oust the flying boat with its hull 
section distinctly tending to be pentagonal. I consider that a transverse pressure 
cabin in the all-wing aeroplane would present no difficulty more serious than the 
main structural problem of the type, and that its walls would provide part of the 
primary structural strength. In the flying boat as we now know it, however, 
the pressure cabin would mean a serious increase in structure weight. 


4.57- Study of Form. 

I think that we should find out by computation, by model test and, if thereby 
encouraged, by flight tests with ‘‘ flying models,’’ whether some of these 
transitional and all-wing forms are aerodynamically and hydrodynamically sound. 
Mr. Coombes and I began some work of this kind some years ago with an all-wing 
model which seemed promising (62). By a systematic programme of such tests 
we could build up a knowledge of the influence of form which might prevent us 
building an aerial Great Eastern. 


4-58. 
I have made no attempt at a comprehensive discussion of the future of design. 
I have mentioned a few matters of a general nature which seem to me to have 
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especial interest. In discussing safety and research and development | have 
referred to a number of further questions which might, perhaps, equally well 
have been classified as ‘‘ design ’’; most of them are summarised in Appendix III, 
in which I have attempted to give a list of the outstanding civil research and 
development problems. 


4.6. Research and Development.* 
4.61. Organisation. 

The duties of the research and development section of the organisation are to 
solve the problems of the operators and constructors ; to find out how to improve 
economy, comfort and performance; to assist the regulations staff to improve 
safety ; to anticipate the effects on safety of increases in performance and changes 
in design; to supply the regulations staff with any other data they need for 
formulating their requirements. To be successful in their work, the research and 
development section will need access to experimental facilities and the co-operation 
of the operators and constructors. 

Before the war, civil aviation research and technical development were not well 
served. Investigation was primarily directed towards military ends. The main 
sources of scientific work were 

in the Air Ministry 
the Royal Aircraft Establishment, 
the Aeroplane and Armament Experimental Establishment, 
the Marine Aircraft Experimental Establishment ; 
in the Department of Scientific and Industrial Research 
the Aerodynamics Department of the National Physical Laboratory. 

These establishments were chiefly engaged on work inspired by military needs. 
That some of this work was applicable to civil advancement is, of course, not 
denied, but the civil applications were rarely, if ever, specifically considered. In 
addition to this work, research on a small scale was being done at certain 
universities. This work was generally fundamental in character and showed less 
bias towards military aims. 

Outside the airlines, which had to make certain investigations of an ad hoc 
character, there was no organisation devoting any appreciable energy to the 
technics of civil aviation. Two bodies, almost microscopic in dimensions, 
concerned themselves with civil technical investigations in the time they could 
spare from regulatory and administrative duties. These were the Air Registration 
Board and the Department of Civil Research and Production of the Air Ministry. 
As each of these bodies had technical staffs of about half-a-dozen officers, the effort 
directed specifically to civil aeronautical research is seen to be trivial. Compared 
with them, supporting the acknowledged leader in world civil aviation, is the 
safety and economic regulation staff of the Civil Aeronautics Authority, numbering 
553 on September 30th, 1939 (64). This organisation is, of course, in addition 
to those engaged on civil researches in the state experimental establishments and 
the universities. 

The obvious deficiencies in the facilities for civil technical investigation must 
be remedied. Instead of two small technical staffs struggling with parochial 
means to solve problems of national importance, we need a single well-knit 
organisation with full facilities for development, experiment and theory, capable 
of applying to civil problems the kind of pressure familiar in the problems of 
military aeronautics. 

In Appendix III, I have made a list of civil problems with which such a body 
would be concerned if it existed to-day. Some of these problems clearly have 


* By ‘‘ research ’’ is meant scientific investigation directed to the discovery of new tacts by 
theory and by experiment in the air and in the laboratory. By ‘‘ development ’’ is meant 
the applications of the discoveries in design and the continual improvement of the applica- 
tions in the light of the results of repeated tests. 
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military as well as civil importance, and in consequence are receiving attention. 
Their direction and interpretation, however, ignore their civil applications. 

It seems to me that progress in civil technics would best be assured by the 
creation of a civil establishment for research and technical investigation. While 
civil and military work are both dealt with in the same establishments, even in 
peace-time the former is bound to suffer. Preparations for peace never seem so 
urgent as preparations for war, so the problems of economics and safety are 
elbowed out by the problems of offence and defence. It might be argued that 
with civil and military researches going on in different laboratories, duplication 
and overlapping would occur. This could be avoided, however, by liaison between 


the civil and military technical staffs. 


We have noticed already the sources of the problems with which the technical 
staff will have to deal. They will find these problems falling broadly into three 


groups calling respectively for 


collation of experience, translation of theory and experiment into practical 


terms, and statistics, 
theory and experiment, 
engineering development. 


The staff responsible for the first group would first receive the problems, study 
them, and decide what data were required to solve them. If these data were 
already in existence, they would collect and analyse them, and present a reasoned 
solution. If fresh theory or new scientific experiments were needed, they would, 
in the majority of cases, refer the appropriate queries to the civil technical investi- 
gation establishment, which would ultimately report back to them. In many 
instances it would be found, however, that the most convenient source of informa- 
tion was the operator or constructor. For example, in the obvious problem of 
relating flight experience to factors of safety, information on accelerations in 
manoeuvres and gusts would come most conveniently from an airline who were 
asked to carry accelerometers or velocity-acceleration recorders in their aircraft. 
Again, constructional problems would often most profitably be referred to, or 
solved in collaboration with, a constructor. Sometimes a specialist institution or 
a university might be the obvious source of assistance. 


4.62. Nature of Future Investigations. 


I have already indicated, in my discussions of safety and design, many problems 
which civil research will be called upon to solve. These and other problems are 


collected together in Appendix ITI. 


They cover a wide front, which can roughly 


be illustrated by the diagram of Fig. 109. 
I propose, at the risk of repetition, to remark briefly on each of the sub- 


headings of this diagram. 
We accept as the general form o 


aircraft for main line work a combination 


of fuselage and fixed wings. ‘The relative proportions of these constituents may 
change, but the general type for this work is likely to remain. Its chief dis- 
advantage is the space it needs for taking-off and landing, which usually means 
that its starting and stopping points are some miles from the great towns it 


directly serves. At present a great deal of time is lost between the towns and 
the aerodromes, and the desirable acceleration of overland or underground 
services is very difficult of achievement. There may be a field of activity here 
for craft whose chief characteristic is the ability to take-off and land in a confined 
space. In other words, we should continue to study rotating-wing aircraft and 
lightly loaded aircraft with high lift devices. The other important ‘‘ uncon- 


ventional ’’ type which should be rescued from obscurity is the tail-less aeroplane. 
A completely successful tail-less design would represent an advance in economy. 
How much it might be should be the subject of study. 


In aerodynamics the obvious problems are drag reduction, increase of maximum 
lift, stalling, stability, control. Improvements are needed for greater safety and 
The definition of the problems is easy, the 


greater economy and greater speed. 
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Typical Objectives. 


Assessment of qualities of 
helicopter, rotaplane, tail- 
less, all- wing and other 
types. 


— General form 


Reduction of drag, increase 

of lift. Ensurance of sta- 

bility. Prevention of stalling 
and spinning. 


Aerodynamics 


Improvement of efficiency, 
particularly with reference 
to large aeroplanes. 

Development of materials. 


Structures 
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19 
Anatomy of research and development. 


dificulties of solution great, the rewards enormous. The possibility of main- 
taining laminar flow over surfaces, for example, holds out the hope of great 
advances either in speed at constant cost or economy at constant speed. 

In structures a continual war against weight must be waged. Each increase 
in size must be accompanied by some structural ingenuity or the proportion ol 
structure weight to total weight will increase (58)—an uneconomic trend. The 
weight of each additional safety measure must if possible be counteracted by 
a structure saving. To meet these conditions we must investigate the effect of 
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distribution of load on structure proportions, refine our present methods of con- 
struction and, if necessary, develop new ones. It is difficult to visualise any- 
thing but a smooth metal skin for the outside of a commercial air liner, but 
the basic structure may well be different in the future from the arrangements of 
plate webs, transverse and longitudinal members now so familiar. Just as 
medium-sized bridges are plate girders while larger ones are frameworks, so I 
feel will the essential structure of the large aeroplane be a framework. I can 
produce no conclusive support of this view, but some evidence of a tendency to 
frameworks is discernible. The curve shown in Fig. 20 is adapted from a paper 
by the late Mr. Gerard (65) and, within the limits of his investigation, shows the 
increase in economy as the skin is diminished in proportion to the ‘* framework ”’ 
element. The photograph in Fig. 21 is of the inside of the wing of the ‘‘ Yankee 
Clipper.”’ The great airships were, of course, all frameworks of a highly efficient 
kind. To determine the structure weight of the aeroplane formed by fle ittening 
an airship into the semblance of an all-wing aeroplane is an encouraging if some- 
what frivolous exercise. 


21. 


Wing of Boeing 314. 


In engines, the primary requirement is the development of the civil engine. 
The policy of applying de-rated military engines to civil aircraft is wrong; they 
are not designed with the same objectives. The civil engine’s chief attributes 


must be robustness, reliability, fire resistance, long life and fuel economy. These 
requirements by no means exclude the carburettor petrol engine, but they suggest 
that its competitors should be given every chance of development. The Diesel 


engine has great potentialities in commercial work, and is of particular interest 
in connliieatian with refuelling, which does not demand high take-off power ; its 
fuel consumption is appreciably lower per horse-power than that of the petrol 
engine and over long range this more than neutralises its greater weight per 
horse-power. For shorter distances, the petrol engine can probably continue to 
hold its own, and the fire risk can probably be considerably reduced by developing 
the direct injection type and using ‘‘ safety fuels ’’ of high flash point. Further 
ahead is the development of turbines for use in very high speed—perhaps mail- 
carrying—aircraft. 

It is not possible in a brief review to do more than indicate the enormous 
amount of research and development which has to be done in engine work. The 
trends of aerodynamic research may well bring serious reactions on engine design. 
For example, if a serious advance towards the preservation of laminar flow 
over wings is made, the designer will have to put airscrews behind the wing so 
that the slipstream shall not produc e turbulence in the flow over the wing. For 
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reasons of flutter prevention and, probably, to get the centre of gravity of the 
aeroplane in the right place, it will still be necessary to keep the engine well 
forward even though it be completely enclosed in the wing. Shaft drives are 
therefore indicated, and means of cooling which shall not disturb the lamit 

airflow. Shaft drives are not new—witness the Paulhan-Tatin monoplane of 
1911, the Westland F. 7/30 biplane of 1934, the Dornier Do. 18, and _ the 
Bell fighter (Fig. 22). It is difficult to believe, however, that their development 
will be unattended by troubles, and I foresee an extension of the admirable work 


that has been done on engine airscrew vibration. It is interesting to notice that 
in landplanes the pusher airscrew almost inevitably requires the tricycle under- 
carriage. In the seaplane, it probably means tilting engines (as in the Dornier 


Do. 26) or tilting shafts. 


FIG. 22. 
Shaft drive aeroplanes, Paulhan-Tatin, Westland F. 71 30, 
Dornier Do. 18, Bell’ Airacobra. 


Future engine design and research work will be considerably influenced by the 
size of power unit aimed at. Here one of the most important factors is probably 
structural design. In civil work, the large power unit will generally be asso- 
ciated with the large aeroplane, and in the large aeroplane the structural tendency 


will be to spread the heavy loads spanwisely. This tendency to multiply the 
units rather than increase their size may be resisted because of the complications 
of managing large numbers of engines from the pilotage point of view. In truly 


large craft, wherein the control is rather in the hands of a captain on his bridge 
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than in the hands of a pilot in his seat, this difficulty is reduced, so that on our 
truly large aircraft we may expect a multiplicity of engines, as on the Lieutenant 
de Vaisseau Paris (8), the Maxim Gorki (8) and the Do. X (12). 
For a 200-ton craft—and I look that far ahead because engines develop slowly 
we should need about 40,000 h.p. It is improbable that there would be room 
for more than eight airscrew discs across the span (66) even if contra-rotating 


systems are used. If for aerodynamic reasons these airscrews are all tractors, 
or all pushers, then the possible solutions are eight 5,coo h.p. units, probably 


each driving a pair of contra-rotating screws, or 16 2,500 h.p. units, each pair 
driving a pair of contra-rotating screws. I would suggest that the latter is the 
easier problem and that for some time to come we might well be satisfied with, 
say, 2,500 h.p. motors. I should like to hear the matter debated, however, and 
am more concerned to introduce the general problem than to justify the view- 
point of it I have given. 

On aircraft instruments and equipment future work will inevitably be directed 
towards the accuracy and convenience of the former and the lightening and com- 


pactness of the latter. More accurate height indicators and more intelligent 
automatic pilots are on the way. We may even some day get a true-speed 
indicator. The pressure cabin will no doubt bring with it a host of ingenious 
devices. 


Radio engineers will continue to improve the aids to navigation and landing. 
With their help we are trying to put the aeroplane on ethereal railway lines and 
the nearer we approach that ideal the safer shall we be. 

On aerodromes the future problems in this country are either architectural or 
else scarcely separable from aircraft design problems. We must try to get clear 
whether we need downhill runways for heavily loaded aircraft, or other means 
of assistance. Shall we need catapults or rail trolleys? Will the aerodrome 
designers be able to assume cross wind take-offs? Even the problem of aero- 
drome surfaces is related to aeroplane tyre pressures. Incidentally, if our air- 
liners could always depend upon finding concrete runways, we could work to 
higher tyre pressures and so smaller tyres, which designers of retractable under- 
carriages would welcome. 

Questions of economy in design and operation I have discussed in $4.82. 

4.7. Education and Training. 

However carefully we may plan the organisation of civil aviation, and however 
successful we may be in obtaining the material facilities necessary for its pro- 
gress, success in the end must always depend on the people engaged in it. Civil 
aviation needs the right men, properly trained, proud of their profession. A 
proper appreciation of this is essential for the ultimate success of British Civil 
Aviation. 

In examining this matter we realise at the outset that the education of men 
for aviation must be conducted to a great extent without particular reference to 
civil or military aeronautics. Both are grounded on the same fundamental laws. 
In a great deal of what follows, therefore, my remarks are not applicable only 
to civil aviation. 

In aviation there are many vocations. There are the engineers whose work 
is directed towards design, and the engineers and scientists whose work is the 
solution, through theory and experiment, of the problems which design pro- 


pounds. There are the engineers whose work is directed towards construction 
and maintenance. There are the pilots and navigators, and those skilled in the 


operation of aircraft. Finally, there are the administrators. 

lechnical progress depends upon the initiative, intelligence, energy, knowledge, 
skill and resource of the designers and research workers. Education can impart 
knowledge and skill, but the others are personal qualities. Aviation must ensure 
that it gets its fair proportion of men with these qualities. It can do this only 
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by providing careers attractive intellectually and pecuniarily. Consciously or 
sub-consciously, this has been realised on the official side, where the conditions 
of employment and prospects of advancement have steadily improved. Each year 
there is a steady flow from the Universities of mathematicians, engineers and 
physicists into the Government service to work on the technical and _ scientific 
problems of aviation, and the tendency, noticeable a few years ago, for the best 
men to elect to work in the older branches of engineering and science is much 
less pronounced. This change in tendency needs further encouragement. 

It will be encouraged by the development of better prospects in the industry 
for University trained men, by the continual improvement of careers on the 
official side, and by a more widespread introduction of aeronautics into University 
curricula. 

At present, in the Universities, aeronautics tends to be rather a sideline. It 
is possible in the University of London to ‘‘ take ’’ aeronautics as one of the 
subjects of the degree examination in engineering, and appropriate courses are 
available at Northampton Engineering and Queen Mary Colleges. There is a 
post-graduate course at the Imperial College of Science and Technology, leading 
to the Diploma of that College. One of the most encouraging signs recently 
has been the decision of the University of London to institute a degree of 
Bachelor of Science (Aeronautics) (67). The teaching of aeronautics is. still, 
nevertheless, localised. No facilities exist in the majority of Universities and 
University Colleges. This is illustrated by the fact that there are only three 
professors of aeronautics, at the Imperial College, Cambridge University, and 
Hull University College. There are Readerships in London University (Queen 
Mary College) and Glasgow University. It is not suggested that every Univer- 
sity should have its aeronautical staff and laboratory. It is desirable, however, 
that every college teaching engineering should illustrate the fundamental princi- 
ples by appeal to aeronautical examples as well as to those of what are generally 
termed civil, mechanical and electrical engineering ; that applied mathematicians 
should be led from hydrodynamics to aerodynamics; and that physicists should 
be introduced early to the physical phenomena of airflow and the principles of 
aircraft instruments. If, in addition, the collaboration with aircraft firms by 
which students spend their vacations in the shops were correspondingly extended, 
and if the student was encouraged to make and fly gliders, he would have gained 
by the time of his graduation some knowledge of aeronautics on which to assess 
its attractions as a career. 

I think it is true to say that we are moving towards this desirable state of 
affairs, but the movement is so far spasmodic and unco-ordinated. There is a 
need for a coherent scheme of aeronautical education which would embrace the 
improvement of conditions of employment, relate the demand for and supply of 
talent, insinuate aeronautical ideas into genera! instruction, provide for advanced 
teaching, and elevate professional status. This Society, by stiffening the stan- 
dards of its Associate Fellowship examination, by championing the idea of the 
engineering degree in aeronautics, by its lectures, by its encouragement of the 
student, has played already a great part in aeronautical education. There is no 
body better qualified to bring about the plan I have briefly sketched. 

So far I have considered recruitment from the Universities. They are likely 
to supply material for making designers and researchers, people who cannot in 
these days do their work without academic training. The builders of aeroplanes 
need a different background. The man with the University degree may be well 
suited to a post in works management, but we shall not look to the University 
as the main source of supply. There has grown up a number of institutions, 
often connected with the apprenticeship schemes of firms in the industry, which, 
while providing elementary theoretical training, concentrate rather upon the more 
practical aspects of aeronautics. The men destined for the works posts naturally 
gravitate to these institutions, and their importance in the educational scheme 
cannot be overestimated. Here the atmosphere is purely aeronautical and, 
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whereas I have advocated a little more aeronautics in the general engineering 
training of the University, it may well be that the tendency should be to introduce 
a little more generality into the engineering training of these practical schools. 
The usual aims in these schools are the Associate Fellowship examination of this 
Society and the Air Ministry’s Ground Engineers’ Certificates, and the Society 
and the Air Ministry have in consequence a great responsibility, for the technical 
standards of these colleges are inevitably related to the standards of these 
examinations. The Society has in recent years taken steps to elevate its stan- 
dards and the Air Registration Board, who act for the Ministry in the certifica- 
tion of Ground Engineers, have recently begun a critical study of the system 


they are operating ($4.32). The war has postponed both these progressive moves. 
We may expect for some time to come that the recruiting ground for airline 
pilots will be the Royal Air Force. The R.A.F. training does not, however, 


immediately fit a man for air transport duties. He must, before piloting others 
‘‘ for hire or reward ’’? become appropriately certificated, and his certification 
refers by name to the aeroplane types he is permitted to fly. Besides his ab 
initio examination, the addition to his certificate of each successive type follows 
only upon his passing of an examination on the type. At the beginning of the 
war, the general elevation of standards already noted in other branches of avia- 
tion was apparent also here. Airline pilots have in recent years developed strong 
professional instincts, evidenced by the formation of the Guild of Air Line Pilots 
and Navigators and of the British Air Line Pilots’ Association. These bodies, 
in collaboration with the Air Ministry and the Air Registration Board, were 
engaged in increasing the already high standard demanded of pilots. The 
changes were to a considerable extent consequent upon the increase in complexity 
of the aeroplane. Despite all safety measures, things will sometimes go wrong, 
and the pilot must be able to diagnose and deal with any trouble that may arise. 
He has to-day to be a mixture of pilot, navigator and engineer, which, with his 
general responsibilities, justifies the titles of captain and commander now awarded 
to the officers of the larger aircraft. The achievement of the necessary know: 
ledge is, in the cases of the companies forming the British Overseas Airways 
Corporation, in the hands of experienced training staff—they have, so to speak, 
a post-graduate school of pilotage. The development and extension of the system 
would be expected to proceed naturally. 

One can, I think, conclude that the educational is one of the more satisfactory 
aspects of civil aviation, and that what we ask of the future is co-ordination and 
development of the lines along which we are, or at any rate were, working. 


4.8. Economics. 
4.81. Finance. 


Of the avenues | have ventured into in this journey, the most depressing is 
the financial one. Behind me I am conscious of a narrow path beset with stones 
all unturned ; ahead is a haze. I hope it veils a broad and pleasant boulevard. 

Civil aviation I regard as a necessity of commerce and as an instrument of 
prestige. Sometimes it is possible to develop a commercial necessity by purely 
commercial means and simultaneously achieve national prestige. This happened 
in the development of the mercantile marine. I do not think that anyone any 
longer believes that development on this basis is possible for British civil aviation. 

I understand that the policy in the past has been to try to run civil aviation 
as a commercial undertaking. In other words, to run it at a profit. When the 
absence of profit became conspicuous, and it became clear that the continued 
absence of profit would mean the absence of civil aviation, State aid was available 
to redress the adverse balance. 

Civil aviation must be dealt with as an essential Empire service. Its value 
and success are not measured by the profits and losses calculated in its own 
counting-houses. Its importance lies in the great commodity it provides—speed. 


‘ 
d 
t 
h 
y 
e 
t 
e 
a 
\ 
vf 
d 
d 
r, 
1s 
d 
yf 
y 
3S 
yf 
a 
1e€ 
1e 
1e 
10 
ly 
in 
tv 
h, 
re 
ly 
1€ 
d, 


TA H. ROXBEE COX. 


This speed brings more men together more often and enables them to transmit 
more quickly to one another their ideas, their orders, and their most valuable 


goods. The effect of this on Imperial trade in general cannot now be calculated, 
and probably never will. That the effect is good, however, is admitted, and it 
must be enhanced. It may be argued that if commerce wanted this thing, com- 
merce would pay for it. But such an argument ignores the make-up of the 
modern world. The industrial revolution 1s over, the commercial success ot 
aviation has become less and less related to private pioneering enterprise and 
more and more the responsibility of the State. Prestige no longer comes auto- 


matically to us, and if foreign civil aviation has its States behind it, our trade 
and prestige, always interlocked, will suffer unless cur State is behind ours. 

I have already given some idea of the things for which money is required 
expansion and co-ordination of the organisation of civil aviation, extension anc 
development of routes, an increase of many hundreds per cent. in the civi 
technical staffs, an establishment for civil technical investigation, the design anc 
construction of prototypes. I will not venture to say how these things will be 
procured and how much they will cost. All that is certain is that a courageous 
act of reorganisation is required and ‘** that for several years to come substantial 
help from public funds will be essential ’’? (26). The United States were faced 
with a similar task only a little while ago. ‘* When the Civil Aeronautics 
Authority assumed office it found the American air transport industry in a state 
described by the House Committee in charge of the new legislation as * chaotic.’ 
Half of the private capital which had been invested in the industry had_ been 


] 


irretrievably lost. . . . More than half of the domestic airlines carrying mail 
disclosed operating deficits for the year ending June 30, 1938 ”’ (68). The lesson 


we have to learn is that the Federal Government did not hesitate to take drastic 
steps to reorganise the government of civil aviation, and that the steps, mainly 
directed towards co-ordination and unification of control, appear successful—now 
‘With but few exceptions American air carriers are . . . operating * in the 
black (68). 


4.82. Internal Economy. 

The Brown Committee recognised that a lot of money will have to be spent 
on British civil aviation if it is to grow worthy of the British Empire. The general 
tenor of my remarks will be interpreted as support of this view. Whatever 
money is obtained for civil aviation, however, be it a lot or a little, must be well 
spent. The best distribution of money over the various branches of civil aviation 
is itself a problem for research. ‘This is the first problem in economy which the 
controlling authority encounters. 

The problems of economy in civil aviation otherwise seem to fall into two 
classes, economy in construction and economy in operation. 

Among the former are the problems of the production engineer—the degree of 
special tooling proper to a given contract, the choice of easily obtained materials, 
the avoidance of complicated sections and joints. ‘These are all problems which 
have received close ad hoc study in recent years, but I am not sure that the 
special civil problems associated with the production of only a limited number 
of a given type have received sufficient study in this country. Problems of this 
kind appear to be capable of fairly precise definition, and the place for their 
solution is in the constructors’ works and drawing offices. 

The problems of economy in operation appear to be much more complex. We 
have moved a long way from the old ton-miles per gallon basis. This formula 
takes no account of the aeroplane’s chief asset, speed, and even when speed is 
incorporated in the formula to use it as a criterion would be to over-simplily 
the problem. Economy of operation is in general bound up with the route condi- 
tions-—the terrain, the weather, the number of stops available, the size and nature 
of aerodromes, the class and volume of traffic. Given such data, it may be possi- 
ble to work out the best speed of operation and whether one should use a large 
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number of small aeroplanes, a smail number of large ones, or an intermediate 


number of medium-sized ones. At present the method of making this sort of 
estimate is rough and ready and I think that there is room for some economic 
research. I suggest that the civil aviation authority should include a small staft, 


charged with the duty of studying airline economics, which would collaborate 
with the operators, integrating their experiences and studying their income and 
expenditure accounts, and trying with the aid of statistical and probability theory 
to reduce airline economics to a science. ‘There is already an extensive litera- 
ture (69), mainly foreign. Probably the most significant document of all is a 
report to the Congress of the United States from the United States Maritime 
Commission (70). The commission made a careful preliminary study of trans- 
Atlantic costs. Confining themselves to fuel, crew, and depreciation costs the 
commission found that air transport was likely in the near future to be operated 


at a cost equal to or possibly less than that of a marine superliner (71). Their 
figures suggested that by using very large aircraft of 250,000 lb. the operating 
costs might be half those of the superliner (72). The calculations could not be, 
and were not taken as, comprehensive. They were, however, sufficient to lead 


the Maritime Commission to conclude ‘* that American vessel owners should 
not build superliners, but that they might well give attention in the field of high 
speed passenger and express transportation to trans-oceanic aircraft ’’ (73). This 
report is of the greatest interest, and I imagine that ‘** American vessel owners 
must have been impressed by it. 

The solution of a problem of operational economy for some particular route 
will generally include a set of minimum performance figures required of the 
operation aeroplane. The designer then has a problem in economics of a different 
kind. He has to produce the required performance in the most efficient way. 
His problem can, perhaps, best be illustrated by an example. 

The primary quantities ** given ’’ may be taken to be useful load, range, and 
power plant. Let us suppose that the designer is pre-occupied with aero- 
dynamics. He may then design a superbly streamlined fuselage, with thin wings 
of high aspect ratio attached to it. Such an aeroplane might well have a low 
skin frictional drag coefficient and low induced drag. Is it possible to modify 
this aeroplane in such a way that the overall performance will be increased ? 
The answer depends on the class and size of aeroplane, but the following effects 
should be remarked. 

Suppose the aspect ratio is reduced, other things remaining, so far as is 
possible, the same. Then the wing structure weight is reduced and the induced 


drag rises. There is no reason to suppose that any change in skin friction co- 
efficient or wetted area is involved. The reduction in structure weight means 


that either the useful load could be increased, or the range increased, or the 
power plant increased. In the first two cases, the top speed would be very 
slightly reduced on account of the increase in induced drag, and for the same 
reason the take-off would be slightly poorer. Increase in power plant is not a 
very practicable possibility, as only increases in ‘‘ jumps ’’ are possible; but 
this means of taking advantage of the weight saving is of interest as it shows 
that the adverse effect on speed and take-off due to decrease in aspect ratio may 
well be more than counteracted by the increase in power. There is, however, 
another way of taking advantage of the weight saving. If useful load, range 
and power plant are kept constant, the reduction in structure weight leads to a 
reduction in all-up weight so that for the same wing loading the size of the 
aeroplane, and so the wetted area, can be reduced; this reduction may possibly 
counterbalance the increase of induced drag already referred to. 

We have supposed that the thickness/chord ratio of the wings remained con- 
stant when the aspect ratio was changed. Increase in the thickness/chord ratio 
produces simultaneously a further decrease in structure weight and increase in 
drag coefficient. The effects of this further change can be discussed in the 
same way as the aspect ratio change and may or may not result in a net gain. 
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In a detailed and quantitative examination of the problem further effects of the 
changes will become apparent—for example, the engine nacelles, if any, will have 
become less bulky relative to the wing, tending to reduce drag, while the junction 
area of wing and fuselage will have increased, tending to increase interference 
drag. Already the complexity of the problem is apparent, though I have con- 
siderably over-simplified it. 

Having modified the aeroplane by reduction of aspect ratio and increase of 
wing thickness/chord ratio, unless the craft is a very small one it probably begins 
to be apparent that there is some vacant space in the wing (cf. $4.54). This 
space is available for some of the things hitherto carried in the fuselage—petrol, 
baggage, even passengers, if we are dealing with craft of great size. If we can 
stow useful load in the wing, we can reduce the size of the fuselage, and con- 
sequently achieve a reduction in drag. We now perceive another pair of opposing 
influences. The more we put into the wing, the closer is the approach to the 
structural ideal of supporting each element of mass by an element of lift. We 
can imagine without much trouble the limiting case of the all-wing aeroplane 
in which the distributions of load and lift across the span cancel one another. 
Wing carriage, as opposed to fuselage carriage, is therefore structurally advan- 
tageous. On the other hand, fuselages, being usually of approximately circular 
section, are on a wetted area/volume enclosed basis much more efficient than 


wings. This fact, if aerodynamic efficiency is to be maintained, must be a brake 
on any tendency to wing carriage until the wing is so big as to carry the useful 
load naturally. This matter is discussed in $4.54 and Appendix IV. 


I think there is a widespread belief that these complicated problems of design 
economy can only be solved as the results of the natural development of design 
over a period of years. General adherence to this thesis will mean that our 
designs will be consistently outpaced by those of more scientifically minded folk. 
I suggest, in addition to the staff concerned with the economics of airline 
operation, a staff concerned with research into the economics of design. This 
staff should be a combination of men with high class design experience and more 
academic technicians. | have provided in Appendix IV to this paper a preliminary 
sketch of one facet of their work. 


4.9. Co-ordination. 

In the foregoing paragraphs I have tried to give an idea of what has to be 
done and the organisation needed to do it. This organisation is given more 
coherence in the diagram of Fig. 23. 

My diagram is intended to show in general terms the constituents of British 
civil aviation as related by a controlling authority in a simple scheme. Any 
attempt to give it being would, no doubt, result in its modification in detail, 
though on the other hand, the existing organisation, while less self-sufficient, is 
on a similar basis; the chief difference is between the size and scope of the 
existing (pre-war) organisation and the scale which I visualise for the idealised 
scheme. 

In this diagram I] have indicated a collaboration, the necessity of which I have 
already implied, though I have not explicitly stated it. That is the collaboration 
between the components of the Empire. I have defined British civil aviation as 
Empire civil aviation and I hope that its constituents may have in the future a 
common overall policy. It is trite to observe that Australia, New Zealand, Great 
Britain, Canada, South Africa, India, must each have its own civil aviation 
problems which only its own organisation can control. But they have in common 
a world airline, and a common interest in its development. Australia, Great 
Britain, and Canada have their own aircraft industries and aeronautical institu- 
tions, and planning for the future must take account of the distribution of all 
their products and the utilisation of their resources. I would hope, for example, 
that the airworthiness and air navigation regulations of the constituent countries 
could be reduced to a single code adhered to by all, and that the vast labour of 
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the researches of the future which | have lightly sketched could be shared betwe: 
them on a plan. It will be shared, pian or no pian, but the interests of all will 
best be served and duplication of effort avoided, if the labours are distributed 
in a representative Empire committee and a liaison preserved. 

There is one other feature of this diagram on which I wish to comment. The 
Accidents Investigation section is shown under the direction of the Controlling 
Authority, as indeed for administrative purposes it would most conveniently be. 
Unlike all other sections, however, its technical work must be, for obvious reasons, 
independent of control. I believe that this is a generally accepted principle ; it 
is certainly followed in this country and in the U.S... 


5- Civit SURVIVAL IN Wark TIME. 

I concluded §2.1 of this paper with a brief résumé of responsible opinion about 
civil aviation before the outbreak of war. In view of the fact that the Govern 
ment had taken positive action on the recommendations of the Committees it had 
appointed in the general directions indicated by them, it then seemed reasonable 
to assume that such of these opinions as had not already crystallised into action 
would ultimately do so through the medium of the Civil Aviation Development 
Committee. In §3 I therefore tried to define more precisely the goal which 
action would have to aim at, and in §4 tried to give in some detail the extensions 
of activity which would in consequence require attention. I did this with little 
reference to the effect of the war; I gave, in fact, what might be called a peace- 
time plan. I did this because if the war ended to-morrow, such a plan would be 
essential to our ultimate success in the civil field; and because if the end of the 
war is further delayed, some such plan will be even more essential. Until that 
happy time I realise with sorrow that we must be content with a much more 
modest scheme. What should be our minimum programme? First we must ask 
what should be its objects. Primarily, I suggest, the preservation of our civil 
aviation in such a form that at the end of the war we can expand it rapidly into 
an organisation capable of a vigorous assault on the deficit with which we shall 
be faced. With this object, I will put forward for consideration the following 
proposals. 

We should first of all decide upon the organisation best fitted to direct civil 
aviation after the war. With some diffidence | submit this paper as preliminary 
notes on which a detailed study might be based. Having decided upon the 
organisation, I suggest that it should be brought into being in skeleton form so 
that the various branches may be instructed in their duties when the war ends 
and have such threads in their hands as may be collected in war-time. This would 
mean the revival of certain branches of the organisation current at the outbreak 
of war. 

Given a basic structure, | would hope that the important duty of keeping the 
civil airworthiness regulations up to date could be resumed and the problems of 
civil safety studied again. It is, | fhink, too much to hope for a serious programme 
of civil research and development, but a small staff should be adapting the results 
of research and development on the military side to the solution of civil problems. 
I suggest that the developments in education and training apparent at the outbreak 
of war should be allowed to continue. 

In the operational field we should aim at the maintenance of our routes in Africa 
and the East, and at the re-establishment of the Atlantic route. In view of the 
importance of maintaining our prestige in South America, close consideration 
should be given to the establishment of the London-Bathurst-Port Natal route, 
the first leg of which, to Lisbon, has recently been inaugurated. Extensions of 
our civil activities in the Balkan countries would also appear advantageous from 
all, not only civil, points of view. 

On the assumption that some such scheme will be followed, we must plan for 
replacements of our existing air liners, and we must ensure that we do not fall 
behind in civil design. We must plan to have some up-to-date civil types at the 
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end of the war, which means, if the war proves long, that we must produce new 
types at intervals throughout the war. Clearly the number of types must be kept 
to a minimum. I suggest that we should work on 
a small air liner suitable for the internal airways of Great Britain, and 
suitable for duty on similar lines in the Empire ($4.34), 
a larger air liner suitable for operation on European routes—say, of 30,000 |b. 
all-up weight ($4.33), 
a trans-Atlantic craft suitable also for adaptation. to the other Empire routes 
(SS4-31, 4-32). 

I suggest that these should be designed and built, but that when designed their 
conversion to military types should also be immediately considered. Construction 
of military versions could then proceed side by side with the civil versions. I 
regard the conversion of military to civil types, except in one instance to be 
mentioned, a disservice to civil aviation. But the reverse process can produce 
efficient military aircraft, as has, for example, been proved in the case of the 
Lockheed 14 and the Flamingo. The exception ] had in mind was 

the conversion of a fast bomber into a mail plane, 
and | suggest this as a fourth job. 

To the objection that to do this work would be to reduce our military effort, 
I would reply that the reduction would be trivial, particularly when the proposed 
military conversion is considered, and that the military effort is not the only one 
we have to make—we must maintain our communications not only because we 
shall want them after the war, but for the better prosecution of economic warfare 
and for the maintenance of our commercial prestige (36, 75). Our present civil 
aircraft will not last for ever, and we must have replacements. The work would 
require the allocation of separate design staffs, but the interference with industrial 
man-power would be minimised by the conversion basis suggested—much of the 
structure would be common to civil and military versions. If we do not follow 
some such plan as this, we shall have again to buy foreign machines to keep our 
airlines alive and in an effort to buy design experience. 

Meanwhile, we must keep in touch with foreign development. This Sir Kingsley 
Wood has arranged for (31). Until our civil aircraft industry is producing 
aircraft, however, the ‘‘ small body of experts ’’ will get little data of value from 
abroad ; to get anything worth while they will have to give something worth while, 
and unless we think and design and build again for civil aviation, they will have 
little to give, 

There is, too, another field which civil technical experts must not ignore. While 
few of the aeroplanes made for the Royal Air Force are likely to have any civil 
value, the ways of making them cannot fail to be of significance. Aerodynamic 
advances will be made, structural design will improve, engine development will 
continue, and the methods of construction and production will vastly improve. 
It is true that the accumulation of this knowledge would be available for civil 
construction when the military drive is over, but its application to civil aeronautics 
will then be too late. To apply it while it is accumulating is the way to make 
best use of it. 

There is also a very difficult post-war problem which must be tackled before 
the war ends. When it ends, the productive capacity of the Empire's aeroplane 
factories will be tens of thousands of aeroplanes per vear; at the end of the last 
war, the figure for Great Britain was approximately 40,000. This order of 
magnitude is altogether different from that of the possible civil production 
required. In 1938 in Great Britain fewer than 4oo aeroplanes, mostly small ones, 
were built, and at the end of that year only about 1,400 airworthy aeroplanes 
Were on the register. Even the vastly greater American civil industry only pro- 
duced 3,715 aeroplanes, of which 3,122 were one or two-seaters, in 1939 (76). 
There can, therefore, be no hope of utilising more than a small fraction of our 
productive capacity after the war for civil work. What must happen to many 
large plants is only too obvious; a drastic reduction of the industrial side of 
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aviation to a size comparable with peace time military needs and the needs ot 
civil aviation will have to be planned. A corresponding reduction, though in a 
less shattering ratio, will be necessary in the design staffs. We must not suc- 
cumb to the temptation to employ the redundant facilities on useless labours like 
the conversion of military types to inefficient civil use and over-production of 
civil types. 


6. CONCLUSION. 
6.1. Summary. 
I have tried in this paper to define the aims of British Civil Aviation and the 
means of realising them. I have suggested among other thing's that 
we need to develop and extend our routes, using British aircraft only on 
them and aiming to carry as much as possible of the first class mail and 
the fast passenger traffic (§3), 
we should develop toreign markets ($3), 
our operations require new and advanced aircraft, including large fast 
trans-Atlantic and fast mail aeroplanes ($4.3), 
there is a great deal of work to be done to improve safety ($4.4), 
that civil accident investigation should cover a wider field ($4.43) 
design needs stimulation and encouragement ($4.5), 
the staff for improving safety and for other civil research and development 
work has a vast programme ahead (Appendix III) and needs large 
augmentation, with a special establishment for civil technical investiga- 
tions ($4.61), 
civil aviation needs engines specially designed for civil work ($4.62), 
a special staff for economic studies should be established (§ 4.82), 
a closely-knit organisation should control and co-ordinate civil aviation, 
regarding it as an Imperial and not a national matter ($4.9). 


As this programme cannot be pursued in full in wartime, I have suggested 
that 
we should plan our organisation and maintain it in skeleton form so that 
it can rapidly be expanded after the war to deal with the main programme 
outlined, 
we should, within limits, extend our routes, if only to maintain our prestige 
abroad, 
we should pursue a modest civil design and construction programme to 
ensure the existence of up-to-date types and provide for the replacement 
of civil material, 
the civil designs should be converted to military types and both versions 
constructed, 
military research and development should be studied in its application to 
civil problems, 
civil airworthiness regulations should be kept up-to-date, 
the reduction after the war of the expanded industry to normal peace time 
civil and military needs should now be considered. 
I feel that a plan like this is the minimum insurance for the future, if we are 
to look back when the future comes without regrets. 
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APPENDIX I. 


Duties oF THE AIR REGISTRATION Boarp. 

Phe duties delegated by the Secretary of State for Air to the Air Registration 
Board are given below. 

The formulation and publication of technical requirements for the design, 
construction and maintenance of aircraft. 

The examination of the design of new types of civil aircraft, and of the 
design of modifications to types of civil aircraft for which certificates of 
airworthiness are in force. 

The survey and inspection of the construction of civil aircraft and of 
engines, components, instruments and equipment for civil aircraft. 

The approval and certification of the design and construction of civil aircraft. 

The survey and inspection of civil aircraft for renewal of certificates of 
airworthiness. 

The approval and certification of constructors of civil aircraft and of 
other firms, to enable them to furnish reports on the design, construc- 
tion, equipment, and flying performance of aircraft. 

The examination and certification of persons employed in the design, 
construction, maintenance and repair of aircraft and of engines, com- 
ponents, instruments and equipment of aircraft, or in the testing thereot 
in the air or otherwise for purposes connected with the certification of 
aircraft or of engines, components, instruments or equipment of aircraft. 

The examination and certification of competent persons for the purposes 
of aircraft inspection and other duties performed by ground engineers. 

The making of recommendations to the Secretary of State for the issue 
and renewal of certificates of airworthiness and of licences to competent 
persons to act as ground engineers. 

The furnishing to the Secretary of State of such advice as he may require 
with regard to any matters connected with any of the foregoing matters. 

In the exercise of the functions delegated to them the Board are to observe 
the requirements of the International Commission for Air Navigation. 

There are excepted from the scope of the functions delegated to the Board all 
functions relating to the design and construction of any prototype aircraft which 
is designed, constructed, or intended to carry more than 1c passengers for hire 
or reward, or is of more than 10,000 Ib, all-up weight. 


APPENDIX IJ]. 


SUGGESTED TERMS OF REFERENCE OF THE CIVIL AVIATION 
DEVELOPMENT COMMITTEE. 
(The text following, under the above heading, and with two footnotes omitted 
here, formed Appendix III of the Report of the Brown Committee (22).) 


(1) Aircraft. 

In close co-operation with the Corporation, with other airline operators in this 
country and in British countries overseas, and with constructors, to endeavour 
to co-ordinate the needs of such operators and, when appropriate, of foreign 
operators, for new types of aircraft; to relate these needs to the demands of 
the British and world markets and the requirements of the military authorities 
for transport, training, and similar purposes, to the end that construction may 
be concentrated upon a few types for which there is the best prospect of creating 
a demand sufficient to justify production on an adequate sca!e; then to advise 
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the Secretary of State for Air as to the amount of assistance from public funds 
that will be necessary, and as to how it can best be given and applied to assist 
British civil aircraft to obtain the best possible position in the world markets ; 
to advise the Secretary of State how selected types can best be got into pro- 
duction, whether prototypes are necessary, and how the selected type should be 
tested in actual service; to advise the Secretary of State as to the best arrange- 
ments for supervision during construction of aireraft developed in accordance 
with the Committee’s recommendations; to advise the Secretary of State 
generally on all questions relating to the development and production of new 


tvpes of civil aircraft. 


(2) Associated Research and Development Work. 

To ascertain what research and development work is needed for the develop- 
ment of new type aircraft; to ascertain what research and development work is 
needed aimed at increasing the regularity and safety of civil aviation, including 
improvement of ground organisation and equipment; to collaborate with the 
Air Ministry, the Civil Airworthiness Committee and the Air Registration Board, 
to the end that the formulation and administration of the regulations governing 
civil aviation may be guided in the light of the most recent knowledge; to co- 
ordinate the needs for research and development work of airline operators and 
constructors of aircraft, engines, instruments and equipment; to advise the 
Secretary of State what research and development work needs to be done to 
meet the special needs of civil aviation, how and by whom it should be done, 
how financed, and how it should be co-ordinated with allied work for military 
aviation; to exercise general supervision over such research and development 
work as is put in hand in accordance with their recommendations ; to collaborate 
with the Aeronautical Research Committee; to keep in close touch with all 
military and civil research and development work being done inside and outside 
Air Ministry organisations, and so far as possible in foretgn countries; to work 
out and put into operation a scheme for co-operation »y the Dominions and 
Colonies in civil aviation research and development. 
(3) Reports. 

To report periodically, with recommendations, to the Secretary of State for 
\ir; to submit to him an annual report summarising the activities of 1] 


Committee and the principal recommendations made during the year under 
review and progress generally on work in hand; to publish, if thought fit, from 
time to time technical reports recording the progress and results of research 
and development work done in accordance with the Committee’s recommenda- 
tions; to see that airline operators, constructors and others interested are kept 
properly posted as to work being done and results achieved. 

(4) Organisation. 

To make recommendations to the Secretary of State regarding any changes 
they think desirable either in their own constitution or powers, or in the organisa- 
tion of development and research work in this country as applied to civil aviation. 
To report to the Secretary of State any difficulties or delays they may encounter, 
the apparent reasons therefor, and the remedies they suggest to overcome the 
same. ‘To consider and report in due course in the light of their own experience 
whether it is necessary to establish special research facilities for civil aviation 
work. 

(5) Co-option of Outside Members. 
To establish such sub-committees as they think desirable to facilitate or expedite 


their work, and to co-opt on to any such sub-committee such members as they 


find necessary from persons outside their own body. 
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APPENDIX III. 


INITIAL PROGRAMME OF CIVIL DESIGN, 


Objective. 


1. Aircraft design. 1.1. Development of 
aircraft capable of 
operating from re- 
stricted spaces. 

1.2. Development of 


passenger services 


1.3. Development of 
mail services. 


1.4. Development of 
light aircraft 
9 


2. Aerodynamics. 2.1. Reduction of drag. 


lift. 


2.2. Increase of 


] 
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23. 


31. 


33. 
Al. 
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SEARCH AND 
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JEVELOPMENT. 
Investigations. 

rheoretical comparison of the charac- 

teristics of helicopters, rotaplanes, 

cyclogyros and specially adapted fixed 

wing aeroplanes. 

Design of advanced civil examples of 

each of these types. 

Construction, testing and development 

of most promising designs. 

Ihe study of the most suitable pro- 

portions of wing and body. 

the same specification 

of a tail-first aeroplane, and aero 

planes with different dispositions of 

tractor and pusher airscrews. 


The design to 


The design of, say, a 300 m.p.h. 
50-passenger landplane and a_  50- 


passenger seaplane for non-stop trans- 
Atlantic operation, 

The design for the same general duties 
of craft employing fuelling in the air 
if possible with reference to the use 
of Diesel engines. 

The design, perhaps by adaptation of 
1.23 above, of a luxury craft for the 
Empire routes. 

The design of a high-speed liner for 
the European air services and for 
export. 

The design of a ten-seater high-speed 
liner for national services and fot 
export. 

The design of a five-seater high-speed 
aircraft for national services and for 
export. 

All of these aircraft to be the subject 
of competitive design tenders and 
examples selected for construction and 
test. 
The 
plane for 
services. 


high-speed mail- 
trans-Atlantic 


design of a 
overnight 


This to be the subject of competitive 
design tenders and a prototype con- 
structed and tested. 

Investigation of pilotless mailplanes 

Continued competitive development of 
sporting types. 

sections of low 
thick 


Study of aerofoil 
resistance. Development of 
sections with low resistance. 
Development of extraneous means of 
maintaining laminar flow 

Reduction of ‘‘ interference’’ drag 
by investigation of the design of 
junctions between surfaces of different 
curvatures. 

Reduction of cooling drag. 
Re-examination of the characteristics 
of the tailless type of aeroplane. 


Development of high lift devices. 
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2. Aerodynamics— 2:3. 
continued, 
2.4 
25 
2.6 
3. Aero-elasticity. | 
3:2 
4. Structures 4.1. 


H. RONBEE 


Objective. 
Improvement 
stability. 


Prevention of 
spinning. 


Prevention of 
accident from 
stalling. 
Improvement of 
control. 


Prevention of 
flutter 


Refinement of 
strength calcula 
tion. 


Development of 
methods of 
construction. 


Development of 
airscrews. 


Accuracy in 
calculation 


Determination of 
applied aero- 
dynamic loads 


Determination of 
applied alighting 
loads. 


COX. 


Investigations. 


2.31. Investigation directed towards the 


.62 


2.61 


9 


2.63. 


understanding of stability and its 
assessment in design stage 
Analysis of stability characteristics 
of existing aeroplanes statistically 
Examination of the stability of aero 
planes of high wing loading and high 
inertia 

Investigation directed towards design 
ing with certainty to prevent spin 
ning. Statistical analysis of existing 
types. 

Study of wing sections and plan 
forms unfavourable to unsymmetrical 
stalling. 
Quantitative assessment of the factors 
influencing control. 

The development of control systems 
with smal! operating forces for large 
aeroplanes. 

Maintenance of control of an aero 
plane with more than one engine when 
an engine cuts out, particularly at 
take-off. 

Examination of flutter theory in par 
ticular relation to large aeroplanes 
and designs of section 1. Main 
tenance of safety with low torsional 
wing stiffness 


Investigation of the interdependence 
of aerodynamic force distribution and 
structural distortion. 

Measurements in flight of structural 
distortion, 


The refinement of structural methods 
and the investigation of systems 
appropriate to large aircraft. 
Development of improved properties 
in metallic materials. 

Development of plastic materials 
Study of methods of production 
appropriate to quantities of civil 
aircraft required (cf. 8.21). 


The design and construction of ai 
screws for large power plants. Struc 
tural schemes for high solidity and 
contra-rotating systems. 

Reduction of airscrew noise. 
Refinement of the methods of calcu 
lation of redundant structures, with 
particular regard to the effects of end 
load, distortion, and heterogeneity on 
stress distribution. 

The calculation of stresses due to 
impulsive loading. 

The collection of statistical data 
through the carriage of accelerometers 
or V-G recorders in air liners. 
Correlation of strength factors with 
speed, size, duties, routes, etc 


The collection of statistical data 
through the carriage in air liners ot 
accelerometers positioned to measure 
loads experienced by undercarriages 
and hull bottoms. 
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| 
| 
| 
3.22 
4.12 | 
4.13 
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5. 


6. 


Structures— 
continued. 


Engines. 


Instruments and 
equipment. 


\erodromes. 


5. 


6.1. 


6. 


6. 
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3. 
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Objective. 
Improvement of 
undercarriages. 


Development of 
seaplanes. 


The development 


of the civil engine. 


Adaptability to 
civil airframe 
design 


Overweather 
flying. 


Fire prevention. 


Prevention of 
icing. 


Life saving. 


Accurate 
navigation. 


Comfort 
Operation of 
highly loaded 
aircraft. 


Improvement of 
take-off. 


“I 


5.34. 


12 


Investigations. 


Effect of aerodrome conditions on 
required characteristics. 

The investigation of failures of retract- 
able undercarriages and instability of 
nosewheels. 

Relationship between size of flying 
boat and size of sea, with particular 
reference to structure. 

The development of a series of civil 
petrol engines on conventional lines— 
say, 500, 1,000 and 2,000 (or perhaps 
2,500) h.p. 

The development of a medium power 
civil Diesel engine. 

The development of a medium power 
civil petrol-injection engine. 

The development of a medium power 
civil petrol carburettor engine (prob 
ably one of the series 5.11). 

The design of the last three to be 
to the same horse-power with the 
maximum possible reliability, fuel 
economy and fire immunity in view. 
Comparative tests to be made. 
Investigation of the civil possibilities 
of jet and turbine propulsion. 
Attention to be given in new designs, 
and by adaptation of current mili- 
tary designs, to shaft drives, two- 
speed gears, contra-rotating airscrews, 
pusher airscrews, interchangeability 
of engine units, accessibility in flight, 
complete submergence in wing. 
Development of pressure cabins for 
altitudes up to 20,000 ft. Adaptation 
of the pressure cabin to wing carriage. 
Development of fire extinguishing 
equipment. 

Elimination of sources of vibration. 
Experimental investigation of con- 
ditions causing icing 

Development of low drag methods of 
wing de-icing, in particular the use 
of exhaust heat. 

Development of slinger ring or other 
methods of airscrew de-icing. 
Development of methods of prevention 
of icing of windscreens. 

Development of light rafts, life-belts 
and signalling apparatus. 
Development of radio aids to naviga 
tion and blind landing systems, route 
and aerodrome lighting. 

Development of soundproofing 
Continued development of fuelling in 
the air and fuel-jettisoning methods. 
Comparison of the various methods of 
assisting take-off. 

Study of surfaces with a view to 
reduction of ground friction. 

Study of the problem of providing 
downhill runways. 
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Objective. Investigations. 
8. Economics 8.1. Reduction of 8.11. Analysis of the costs of operating 
operating costs various routes, having regard to air 


craft size and speed. 

8.12. Investigation of the relative costs of 
larger aircraft and smaller aircraft 
operating with assisted take-off, con- 
sideration being given to ground rails 
catapults, and fuelling in the air 

8.13. Assessment of the structural and 
aerodynamic effects of aspect ratio 
and wing thickness, and the struc 
tural gains of spreading the carried 
load. 


Study of the relation between tooling 
cost and volume of production 
(cf. 4.14). 


8.2. Reduction of 
construction costs 


APPENDIX IV. 
Loapd STOWAGE CONSIDERATIONS IN THE DESIGN OF LARGE AEROPLANES. 


1. Introduction. 

It has been argued (74) that the structure weight of large aeroplanes could be 
maintained at a reasonably low value if the loads carried were spread spanwisely 
in the wing, so reducing the bending and shear loads on the wings and diminishing 
the weight of the fuselage to a minimum—in short, for structural reasons the 
really large aeroplane would tend to be a “ flying wing.’’ Considerations of 
head room in any case restrict the all-wing aeroplane to large sizes, and there 
are two other considerations which are sometimes overlooked. 

Firstly, the present tendency for higher and higher wing loadings presents 
us with wings which are relatively small and therefore not suited to the task ot 
housing bulky loads. Secondly, the fuselage is clearly a better aerodynamic 
shape than a wing for the purpose of carrying load; it has a greater volume 
for a given superficial area. So it appears at first sight that the aerodynamically 
efficient fuselage with small highly loaded wings may be a better vehicle, at 
least aerodynamically, than the flying wing. 

The validity of these objections to the flying wing is naturally very dependent 
on the stowage space required for the load of passengers, freight, mail and 
furnishings to be carried. In this Appendix information on the space require- 
ments of pay load is given, together with estimates of the available stowage 
space in wings. Using these figures as a basis for calculation, the effect of load 
stowage on the proportions of the aeroplane has been studied more closely 

The general conclusion can be drawn that the exact proportions of the aeroplane 
will always be governed very largely by the requirements it is designed to meet 
—the speed, the class of pay load. At the same time, from aerodynamic and load 
stowage considerations, there is an almost inevitable trend towards the all-wing 
aeroplane as size increases. 


2. Ratio of Wetted Area to Volume for Wing and Fuselage. 

That the fuselage is intrinsically a better load carrying shape than a wing 
is illustrated in Fig. 8 in which the ratios of surface area to ‘‘ stowage volume ”’ 
for a fuselage and for a wing are plotted. For a given volume the fuselage 
surface area is about half that of the wing. The ‘‘ stowage volume ”’ of the wing 
described in $4 below was used in this calculation. 

Phis figure illustrates a further point of interest. For geometrically similar 
shapes, surface area varies as |? and volume as |* where l is a typical dimension. 
"hus the ratio (surface area)/(volume) varies as 1/(volume)t. Consequently the 
large aeroplanes scores, as the drag per pound of pay load decreases quickly 
with size. 


nts 
ol 


mic 
me 

at 


ent 
ind 
ire- 
age 


ane 
leet 
oad 
ing 


LOOKING FORWARD. T47 


3. ‘* Density ’’ of Stowed Load. 

\When considering passenger space it is usual to think in terms of the cubic 
capacity of the cabin per passenger. The inverse of this, the weight per cubic 
foot of cabin space, can be looked on as the ‘* density ’’ of packing. This is not 
an easy figure to use in rough calculations, such as are made in this Appendix, 
of the total space requirements as it takes no account of the pilot’s cabins, lug- 
gage spaces, and so on. A density figure which is rather more convenient is 
that given by the total load stowed in the fuselage divided by the total internal 
volume of the fuselage. In this latter density figure all non-structural items are 
included, e.g., passengers, crew, freight, mail, furnishings, seats, equipment, 
food. The three figures are shown in the tables below for a number of present- 
day existing and projected airliners. 


TABLE VII. 


INTERNAL SPACE FIGURES FOR AEROPLANES OF ABOUT 500 MILES RANGE 

Total stowed load 
divided by 

total internal space 


Passenger weight 
per unit volume of 
cabin space 


Cabin space 
per passenger 


ft.3 Ib. /ft.8 Ib. /ft.3 
45 3-5 4-1 
05 2.5 3-0 
70 223 256 
115 1.4 1.4 
180 0.9 1.7 


TABLE VIII. 
INTERNAL SPACE FIGURES FOR AEROPLANES OF RANGES BETWEEN 
1,000 AND 2,000 MILES. 


Passenger weight Total stowed load 


Cabin space per unit volume of divided by 
per passenger cabin space. total internal space. 
t.3 Ib. /ft.3 Ib. /ft.3 
go 1.8 253 
100 1.6 2.8 
145 I.I 2.5 
0.8 
270 0.6 1.4 


These figures indicate wide differences of opinion of the cabin space per 
passenger necessary. However, disregarding the first aeroplane of Table VII, 
which has an exceptionally high density, the average space allowed for the long 
range aeroplanes is about 160 ft.* per passenger and r1o f{t.* for short range 
aeroplanes. The density figures on the (total stowed load)/(total internal volume) 
basis average 2.1 lb./ft.* for both long and short range aircraft (again dis- 
regarding the first aeroplane). The reason for this apparent anomaly is that the 
longer range aircraft carry more equipment, food and freight, which counter- 
balances the effect of carrying fewer passengers. 

The density of freight is normally about 7 to 10 Ib./ft.*. In the aircraft 
analysed, the freight and baggage were from 30 to 50 per cent. of the total 
pay load. Since freight is above the average density it is clear that if an aero- 
plane is designed solely as a freight carrier a much higher average density should 
be allowed. 

It should be remarked that no petrol was housed in the fuselages of the 
aeroplanes analysed. 
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4. Stowage Space in a Wing. 

To assess the stowage space available, a wing of aspect ratio 6, with a taper 
ratio of 2-1, and a thickness/chord ratio of 30 per cent. at the root falling to 
15 per cent. at the tip, was chosen. The thickness/chord ratio is high, but this 
is a desirable feature for all-wing aircraft. Furthermore, it can be shown 
that for root thicknesses up to 30 per cent., even on aeroplanes of normal size, 
the increase of drag is largely counteracted by the saving in structure weight in 
the thicker wing. 

In order to keep the centre of gravity of the load in the wings well forward a 
D spar structure was chosen in which the load was housed between sections at 
0.05 chord and o.5 chord. A further condition was imposed that the stowage 
space should end at 0.7 of the semi-span. In this way the outer 30 per cent. 
of each wing tip would be kept free for control gear. 

The stowage space in such a wing amounts to o.o4 S*/* where S is the wing 
area. In a two-spar wing of similar external shape, with front spar at 0.15 chord 
and rear spar at 0.7 chord, the stowage space is some 20 per cent. greater. 

So far the vitally important consideration of head room has been neglected. 
In passenger-carrying cabins an allowance of 6 feet seems necessary for comfort. 
Remembering that part of the available space in the wing will be taken up by 
the stiffening structure attached to the wing covering, and by floor supports, the 
6 feet head room requirement will probably amount to 8 feet overall depth of 
wing. In the same way for mail and freight about 3 feet would represent the 
minimum usable depth, or about 4 feet in terms of overall depth of wing. 

In Fig. 9 the stowage spaces available in the D spar wing, 

with no head room limitations, 
with a limitation of at least 6 feet head room, and 
with a limitation of at least 3 feet head room, 

are shown plotted against wing area. 

This figure emphasises the point that while our present day large wings of 
1,c0o ft.* area have negligible stowage space available, aeroplanes of the not 
too distant future should offer considerable wing stowage space. 


5. Stowage Volume Required. 

From a knowledge of the total load to be stowed and the allowable density 
figure it is an easy step to determine the stowage volume required. Excluding 
fuel, the stowed load (including passengers, crew, baggage, mail, furniture, 
equipment), usually amounts to some 20 per cent. of the all-up weight. For very 
long range or high speed aeroplanes this may fall, in the future, to perhaps 
15 per cent. or even 1o per cent., due to the increased quantity of petrol or 
engine power. 

The petrol usually weighs not more than 20 per cent. of the all-up weight, 
except on very long range aeroplanes. Petrol has a density of 45 Ib./ft.*, and 
making due allowance for the spaces surrounding the tanks, it is probable that 
it could be stowed at a density of 30 Ib./ft.*.. Thus for normal range aeroplanes 
the petrol occupies a space of only about 1/14 of the other stowed loads, and it 
is therefore sufficiently accurate to omit the space requirements of the petrol in 
these rough preliminary calculations. 


The average stowed load density figure of 2.1 Ib./ft.* was based on_ total 
fuselage volume. In the fuselage the tail portion, amounting to about 15 per 


cent. of the whole, is unoccupied, for head room and centre of gravity reasons. 
Since the head room limitation has already been taken into account in the volume 
available in the wing, the density figure of 2.1 Ib./ft.* should be increased slightly 


has been 


when stowage in the wing is considered. A density of 2.5 Ib./ft. 
chosen as a reasonable value. 
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In Fig. 10 the straight lines represent the stowage volume required for a 
given all-up weight, using a density of 2.5 lb./ft.*. On this same figure, the 
curves give the volume available in wings of the D spar type described previously 
with the 6 foot head room limitation applied. Where a curve intersects a straight 
line there is sufficient space available in the wing to house all the stowed load. 
Below this point of intersection some fuselage volume is required, the exact 
amount being given by the difference between the ordinates of the ‘* volume 
required ’? and ** volume available ’’ curves. 

\ cross plotting of the points of intersection is shown in Fig. 11, which 
indicates the minimum weight at which the all-wing aeroplane becomes possible 
for a given wing loading. 


6. Limiting Sizes of True All-Wing and Fuselage Aeroplanes. 


With present day methods of take-off and landing it seems unlikely that wing 
loadings of more than 50 lb./ft.? will be acceptable for some time to come. ‘Taking 
this wing loading as an upper limit, it is seen from Fig. 11 that the true all-wing 
aeroplane becomes possible at an all-up weight of 110 to 220 tons, depending on 
the stowed load carried. .\ figure of 160 tons seems a reasonable average. 


Consider next the aeroplane in which the whole of the stowed load is housed 


in the fuselage, for brevity referred to as the ‘‘ fuselage ’’ aeroplane. For 
constant wing loading and maintaining geometrical similarity, surface areas 
increase as the all-up weight JV, and volumes as JV*/*?. Assuming that the 


stowed load remains a constant percentage of the all-up weight, the density would 
vary as 1/W*/?, For reasons of aerodynamic efficiency this is clearly undesirable 
since the fuselage becomes progressively larger than it needs to be to house 
the load. The natural procedure would be to keep density constant, in which 
case fuselage volume would vary as IW. 


To maintain the same degree of control and stability with the large aeroplane 
as the small, the volume coefficients of the tail unit should be kept constant. 
This can be done by keeping the tail area a constant percentage of the wing area 
and keeping the tail arm a constant percentage of the wing chord. Therefore 
fuselage length must remain a constant percentage of span, and so varies as 
W'/? for constant wing loading. Since fuselage volume would probably vary 
as IV the cross sectional area of the fuselage will vary as W!/* and fuselage 


diameter as W'/'. Therefore, taking account of the need of minimum wetted 
areas, load stowage, and tail surface requirements, the fineness ratio of the 
fuselage will vary as WV'/'. Thus for really large aeroplanes the fuselage becomes 


excessively thin. 

Between the all-wing and fuselage aeroplanes is the aeroplane in which 
as much load as possible is housed in the wing, the remainder being stowed 
in a correspondingly smaller fuselage. In such an aeroplane, the thinning 
down of the fuselage with increasing all-up weight occurs much more rapidly, 
and rough calculations indicate that above weights of about 120 tons the normal 
fuselage will become impracticably thin. This is illustrated in Fig. 12 


Between this weight and 160 tons twin tail booms to carry the tail, and small 
‘nacelles ’’ to house the small amount of load which cannot be accommodated 
in the wings, may provide a solution. 

Above 160 tons, twin tail booms to carry the tail, with the whole of the stowed 
load in the wing seems a probable scheme of design. 

It may be remarked that an alternative to thinning down the fuselage, with 
increasing size, is to maintain constant fineness ratio in which case the ratio 
tail arm/span becomes progressively smaller. Thus for constant tail volume an 
excessively large tail area rapidly becomes necessary. 
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Comparison of Cruising Speeds. 

To obtain some idea of the comparative performances of large aeroplanes of 
different proportions, cruising speeds were calculated for a height of 10,000 {t. 
and a range of all-up weights for 


1) Constant wing loading, geometrically similar shape maintained. 
)) Constant wing loading, constant stowage density, with no load stowed 


in the wing. 
(c) Optimum wing loading, constant stowage density, with no load stowed 
in the wing. 
(d) Constant wing loading, constant stowage density, with as much load as 
possible stowed in the wing. 
It was assumed that variation of all-up weight did not afiect the percentage 
weights of the components and the following values were chosen : 


Per cent. of all-up weight. 


Structure  ... 
Power unit 20 
Fuel and oil 25 
Passengers and crew 74 
Baggage 3 } Stowed load 15 per cent. 
Equipment 5 | 
100 


The assumption of constant structure weight percentage is open to criticism, 
since for aeroplanes in classes (a), ()) and (c), the percentage will probably 
increase with size, while for (d) it will remain more nearly constant. With this 
assumption the results for fuselage aeroplanes will be rather optimistic. 

The assumptions of constant percentages for power unit weight and fuel load 
imply respectively constant power loading and constant endurance. 

\ stowed load density of 2.5 Ib./ft.* was chosen. For case (d) the thick D spar 
wing of aspect ratio 6 previously described was chosen, but for the remaining 
cases a more normal wing of root thickness/chord ratio 18 per cent. and aspect 
ratio 7 was chosen. 

lor adequate control a ratio of tail arm to semi-span of 1.0 was assumed 
together with a tailplane area and fin and rudder area of 14 and 7 per cent. 
respectively of the gross wing area. 

An airscrew efficiency of 0.8 and a power loading (based on cruising power and 
all-up weight with tanks half full) of 17 lb./h.p. were chosen. This figure appears 
at first sight to be high, but it corresponds to the quite normal take-off power 
loading of 12 lb./h.p. 

The cruising speeds are shown plotted in Fig. 13 from which it may be seen 
that the cruising speed of geometrically similar aeroplanes with constant wing 
loading, (curve (a)) rises slightly with weight purely due to decrease of Reynolds 
number. When no load is stowed in the wings, but the fuselage is shrunk s¢ 
that it just accommodates ‘the stowed load at constant density, the speed rises 
more quickly (curve (b)), due to the relatively smaller fuselage. A further gain 
is possible by thickening the wing to accommodate as much load as possible in 
the wings (curve (d)). At the low weight end of this curve the aeroplane has 
a normal fuselage; at the high weight end it is an all-wing aeroplane with 
tail booms. Finally, comparing curves (c) and (b) shows that no appreciable gain 
results from retaining the fuselage and employing ‘‘ optimum ’’ wing loading. 


That there is so little gain by using optimum loading is accounted for by the 
fact that the optimum loading appropriate to the power loading and cleanness 
assumed lies between 50 and 60 |b./ft.2, so the aeroplanes considered at constant 
loading of 50 Ib.ft.* are practically at their optimum conditions. 
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Sir FRANCIS SHELMERDINE (Director-General of Civil Aviation), P.R.AewS.: it 
was a privilege to propose a vote of thanks to Dr. Roxbee Cox for giving the 
28th Wilbur Wright. Memorial Lecture. This lecture was a notable addition to 
the long list of important lectures which had been given for many years past as 
tributes to the memory of Wilbur Wright. It came at a time when civil aviation 
was suffering grievously under the shadow of war, but was none the less valuable 


for that. Although civil aviation had been greatly affected by the war and _ its 
development was retarded, let no one think it had Leen idle for the past nine 
months. Actually, civil aviation during that time had made a magnificent con- 
tribution to the war effort of this country by maintaining essential communications 
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throughout the Empire in the face of difficulties almost unparalleled, since it had 
had to operate under many restrictions and practically without any of those aids 
to navigation to which it had become so used. He would like to pay a great tribute 
to all those pilots and crews who had done, and were doing, such splendid work 
in civil aviation to-day. 

Speaking of the lecturer, he said that Dr. Roxbee Cox had already done a great 
deal for civil aviation in his capacity as Chief Technical Officer of the Air 
Registration Board. The lecture he had just given was a valuable contribution to 
the future development of civil aviation, and it would be a text-book for those 
whose task it would be—soon, he hoped—to engage themselves in the rebuilding 
and expansion of British civil aviation. It should be carefully studied by al! 
interested in air transport. Everybody present must deplore the destructive us¢ 
to which aviation was being put, and wished to see its fullest development for the 
purpose for which it was intended. He knew that everybody would join with him 
in thanking Dr. Roxbee Cox for a lecture worthy of a great occasion, which would 
contribute in no small measure to the progress of the science to which Wilbur 
Wright devoted his life. 

Lord SemprLu (F.R.Ae.S., Member of Counci! and a Past-President): He was 
very proud indeed to have the privilege of following Sir Francis Shelmerdine. 
He felt that they need have no regrets that the President was not in the Chair on 
this occasion, as, being in America, he would be able, as he had expressed his 
intention of doing, to spend this day with Mr. Orville Wright, and there was no 
doubt that if the technical work upon which the President was engaged permitted, 
he would be, at that very moment, with Mr. Orville Wright; thus he would be 
able to convey, with a warmth which only the spoken word could carry, the 
feelings that animated all members of the Royal Aeronautical Society at that 
moment. At the same time, the President’s place in the Chair that evening could 
not have been occupied by a more distinguished pioneer, being the first to follow 
in Great Britain the great world lead of Wilbur Wright, by making the first free 
and controlled mechanical flight in this country. 

As the Chairman had so rightly said, nothing should and nothing would prevent 
the Royal Aeronautical Society from honouring Wilbur Wright each year at this 
time, even if, as the Chairman suggested, it might be necessary to repair to those 
bomb-proof shelters which were the modern version of the catacombs. 

No more appropriate aspect of aeronautics could have been chosen for this 
lecture in memory of so great a pioneer. The subject had been dealt with in a 
very experienced and broad manner, as was most certainly to be expected of 
someone with very considerable experience of the subject. 

The lecturer had shown what opportunities had been lost, due to the absence 
of a far-sighted and stable policy in regard to the development of commercial 
aviation. He also illustrated what incalculable benefits would result were long- 
term planning to be envisaged, whereby aeronautics could be developed for civil 
and commercial usage. 

Certainly this was the time when the leaders of civil aviation, like Sir Francis 
Shelmerdine and those who work with him, could do so much in laying proper 
plans to give effect to the policy outlined by the lecturer. 

{t would not be inappropriate for him, as a representative of the services using 
aircraft to-day for defence purposes, to refer to the deep sense of gratitude felt 
for those compatriots of the Wright brothers who had made available to them 
that vast store of scientific and technical experience and productive activity. He 
particularly emphasised this point because Colonel Scanlon, the U.S.A. Military 
Air Attaché, and some of his colleagues, who helped so much in this direction, 
were amongst the audience. 

Without question, the mind of Wilbur Wright visualised the great civilising 
potentialtes of the aeroplane and the airship, as did Sir George Cayley, one of 
the founders of the Society—the oldest in the world—who died some seventy years 
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ago, and referred to the air as that ‘‘ vast and unoccupied, navigable ocean 


which stretches to the threshold of every man’s door and should be used for human 


gratification and advancement.”’ 

\s the Chairman so rightly emphasised, to this end Wilbur Wright's life work 
was dedicated, and it is essential that they should never forget this fact and strive 
by all means in their power to direct their scientific, technical and operational skill 
in aeronautics into channels of benefit to mankind. 
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THE COMPLETE AIR NAVIGATOR. 


D. C. T. Bennett, A.F.R.A\e.S. 2nd Edition, 1940. Pitman & Sons. 
15/- net. 


Captain Bennett’s book on Air Navigation has been a standard book for thos« 
who are studying for their first-class air navigator’s licence. It is more than that. 
It is a book which every navigator of aircraft should know. The author is one ot 
those who are of the opinion that every pilot should be also a first-class navigator, 
and fears the time when, wireless signals failing, a pilot may find that the last 
thing he can do is pilot his machine. There was a growing tendency before the 
war, which may increase far too rapidly after it, for pilots to telephone to ask 
where they were. He was rapidly, indeed, becoming like the average chauffeur, 
relying upon sign-posts and pedestrians to tell him the way. The reviewer wonders 
how many motorists, since all sign-posts have been removed, have found the 
roads a difficult proposition. The pilot of the future may find himself in the same 
difficulty if he places too much reliance upon outside help to find his way about. 

Captain Bennett's book should apply a suitable corrective. It is a book every 
pilot should have and know. As he said in the preface to the first edition: 
‘*Common-sense is a vital factor,’’ and surely it is only common-sense to know 
vour job thoroughly and not to rely upon others to do bits of it for you. Every 
year sees some improvement in air navigation, and navigating officers must keep 
up to date to be efficient. Captain Bennett, in the second edition of his book, 
has added considerably in the light of the last four vears to the air navigator’s 
knowledge. Above all, he has removed the one great blemish of the first edition, 
by adding a comprehensive and necessary index. 


STEEL CONSTRUCTION. 
Handbook No. 22. R. A. Skelton and Co., London. 1940. 10/- net. 


This book is a revised edition of Handbooks Nos. 20 and 21 now combined 
ina single volume. Although largely concerned with civil engineering the Hand- 
book contains a most useful collection of tables, giving weights, areas, moments 
of inertia, section moduli and radii of gyration of I-section beams, together with 
maximum distributed loads, safe loads and deflections. Bending moment, shear 
and deflection formule for various forms of loading and end fixings are also 
given. The various forms of standard girder connections are tabulated, rivet 
and bolt data and welding. 

At the end of the book is a useful compilation of weights and measures. Many 
of the weights given are unusual and difficult to get from other sources. The 
standard mathematical tables which form the last section of the book round of 
a handbook which should prove of real value to all those concerned with steel 
construction for building purposes. 


Tur Design Construction oF FLYING MopEr AIRCRAFT. 
D. A. Russell, A.M.I.Mech.E. Marlborough Publishing Co. 1940. 6/6 net. 


This is a second and vastly improved edition of a work which was originally 
the text 


published in 1937. The opportunity has been taken to recast much o 
and make those corrections which inevitably find their way into first editions, 
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and are so quickly pointed out by reviewers and readers to the blushing annov- 
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ance of the author, but to the inestimable benefit of future editions of his work. 
Many of the line diagrams have been redrawn and enlarged, which adds to their 
clarity and usefulness, and there has been added a considerable number of 
photographs of successful models which will stimulate the keen model flyer and 
constructor. Certain chapters have been enlarged and constructional details 
added which will simplify the task of the model aircraft designer. In particular 
chapters dealing with engines and engine-driven models (new chapters) will be 
seized upon avidly by all those who have ambitions to translate their flying times 
from seconds into minutes. 

This is a book which should prove a gold mine of assistance to that great and 
growing band of air enthusiasts who start by building model gliders and end up, 
we hope, as pilots of ocean-going aircralt. 


PHOTOGRAPHY APPLIED TO SURVEYING. 
C. A. Hart, M.Sc., Assoc.M.Inst.C.E., etc. Longmans, Green and Co. 


1940. 25/- net. 
Dr. Hart, for some years the senior lecturer in the Department of Engineering, 
University of London, has written an excellent book on a subject he has made 


his special study. The publishers have spared no expense in the production of 
the book and they are to be congratulated on the excellent quality of the illustra- 
tions and the clearness of the text. 

No great advance seems to have been made in air survey during the past few 
years, other than improvements in apparatus and instruments. The book begins 
with an historical survey and an outline of the methods involved. It is rather 
surprising considering the obvious advantages of air survey in the preparation 
of maps at speeds vastly superior to any ground methods, that air survey has not 
been more widely used. Jt must be the preliminary to the development of many 
of the less undeveloped parts of the world and in this way air survey can 
undoubtedly play an extremely large part in the re-orientation of populations and 
the peaceful development of the world. 

It is a pity trom that point of view that the choice of photographs has not 
been wider. .\ majority of them are taken from examples provided by one or 
two British operating companies, which may be congratulated on obtaining 
thereby a most useful advertisement for themselves. 

Very little mention is made of the work done by other units operating from 
the United Kingdom in air photography for survey purposes either in the past 
or the present covering many spheres of activities. In this respect little or no 
reference is made of information available from the Royal .\eronautical Society, 
Royal Geographical Society and the Royal Photographic Society, in which 
societies there must be a record of information in abundance and collected from 
sources other than one particular company. 

The Air Survey Committee gives much useful information, but purely from a 
mapping point of view. 

The air survey work done by units in the United Kingdom, Dominions, U.S.A., 
and European countries, both in the past and present, are deserving of more 
attention considering the -vast amount of air survey mapping done in these 
countries compared to that done by units operating from this country, either at 
home or in India, Africa, and other countries. 

On the whole, however, the publication is most useful as a text or reference 
book to anyone interested or engaged in the use of air photographs and _ their 
application to surveying and mapping. 


September, 1940] JOURNAL OF THE ROYAL AERONAUTICAL SCCIETY 


Ing, 


rade 
1 of 
stra- 


ing 


rom 
past 

no 
iety, 
hich 
‘rom 


nore 
hese 
‘rat 


ence 
heir 


XXVii 
heir 
of 
and 
ails 
ular 
be 
and 
up, 
few 
rins 
ther 
tion 
not 
can 
rey 
and 
not 
or 
' 
m a = 


CRICKLEWOOD. 


a 
IN QUANTITY: PRODUCTION 
ENGLAND 


September, 1940) JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


| || AERONAUTICAL 
(FOR ALL ie TRAINING IN 
WARTIME 


Qualify by HOME-STUDY with 
The T.1.G.B. 
T.LG.B. Students have gained 


19 FIRST PLACES 


in the Royal Aeronautical Society’s Ex- 
aminations (A.F.R.Ae.S. and A.M.I.Ae.E.) 
Write to-day for “ The Engineer's Guide To Success "-- 


ree—containing the world's widest choice of engineering 
and aeronautical courses—over 200—covering all branches 
and which alon: gives the Regulations for Qualifica- 
tions such as A.F.R.Ae.S., A.M.1-Ae.E., Ground En- 
gineers, Air Navigators, Pilots Licence, 
A.M.I.Mech.E., A.M.LE.E., C. & G., etc The T.I.GB. 


guarantees training until 
successful. 


The 
Technological Institute 
of Great Britain 

g | 39 Temple Bar 


House 
London, E.C.4 
THE MAVITTA DRAFTING MACHINES Ltd. Founded 1917 
Anchor Works, Park Rd., Aston, Birmingham 6 20,000 Successes 


NITRIDED 
NITRALLOY STEEL 


Particulars from 


NITRALLOY LIMITED 
Norris Deakin Buildings, King Street, SHEFFIELD 3 


Telephone: 25759 SHEFFIELD Telegrams: NITRALLOY SHEFFIELD 


HOSE CLIPS 


WITH THE TWICE-ROUND BAND 


AIR MINISTRY APPROVED 
AND MANUFACTURED BY 


100 VICTORIA ST., S.W.1 


TEL.: VIC. 1563 


TYPE AA 


| 
Free! 

200. 

N Courses 
For Optimum Hardness and Strength 
a 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY [September, 1640 


INDEX TO ADVERTISERS 


Acheson, E. G., Ltd. = a Fe Hobson, H. M. (Aircraft & Motor) 
Components, Ltd. 
Hughes, F. A., & Co. Ard: 


Aeronautics ose 
Aircraft Components, Ltd. 
Airscrew Co., Ltd. ose “- Imperial College of Science and 
Armstrong Siddeley Motors, Ltd... Technology 
Armstrong Whitworth, Ltd. ... a Institute of Aeronautical Sciences 
Automotive Products Co., Ltd. 
; Jablo Propellers, Ltd. 
Birkett, T. M., & Sons, Ltd. : | K.L.G. Sparking Plugs, Ltd. 
Blackburn Aircraft, Ltd. I 
Bristol Aeroplane Co., Ltd. (Aircraft) 

Back C Lodge Plugs, Ltd. ae ons 
Bristol Aeroplane Co., Ltd. (Engines) London Name Plate Co., Ltd. 
British Aviation Insurance Co., Ltd. - McGraw Hill ages aN 
British Ebonite Co., Ltd. : : Mavitta Drafting Machines, Ltd. 
British Piston Ring Co., Ltd. we Mollart Engineering Co., Ltd. 
British Plywood Manufacturers, Ltd. Napier, D., & Son, Ltd. 
British Thomson-Houston Co., Ltd. ... ii Newall, A. P., & Co 
Butlers Limited ; Nissen Buildings, Ltd. 

Nitralloy, Ltd. 
Cellactite & British Uralite Co., Ltd. - Palmer Tyres, Ltd. es 
Central Chemicals Limited ; ; - Parnall Aircraft Co., Ltd. 
raeage Electrical Storage Co., Ltd Peto & Radford pi 
M ‘al Reynolds Tube Co., Ltd. 
Roe, A. V., & Co., Ltd. 
Croydon Engineering Co., Ltd. sap | > 
Cunliffe-O Rotax, Ltd. 
unliffe-Owen Aircraft, Ltd. Rotol Airscrews, Ltd. 
Ltd : Royal Air Force Quarterly 
Rubery Owen & Co., Ltd. = 
Short & Mason, Ltd. ... XX 
English Steel Corporation, Ltd ii Short Bros., Ltd. ... Back Cover 
Simmonds Development Corporation, 

Flexo-Plywood Industries, Ltd. Smith's Aircraft Instruments, Ltd. ... xi 
Technological Institute of Gt. Britain 
Vickers Armstrongs, Ltd. 
Habershon, J. J., & Sons, Ltd. ae Vulcanised Fibre, Ltd. 


Dunford & Elliott, 
Dunlop Rubber Co., Ltd. 


General Aircraft, Ltd. 


Handley Page, Ltd. ie ss } Wellworthy Piston Rings, Ltd. 
Hawker Aircraft, Ltd. .. ; Westland Aircraft, Ltd. ‘ 
Henderson Safety Tank Co., Ltd. i White, J. Samuel, & Co. 


High Duty Alloys, Ltd. Yorkshire Engineering Supplies Ltd. 


We continually seek new inventions and products in 
mechanical and aeronautical engineering for development 
and production by the manufacturing Companies of the 


SIMMONDS GROUP 


throughout the world 


S'MMONDS DEVELOPMENT CORPORATION LTD. 


CW SHELL MEX HOUSE , STRAND, LONDON, W.C.2 


XXX 4 
NB 
INVENTORS 
q 
- | 


| 


| 
| 
|| 
| 
| 
| 
| 
) 


September, 1940] JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


STRIP STEEL 


SPECIALISTS IN THE ROLLING AND 
— HEAT TREATMENT OF —— 
AIRCRAFT STRIP AND SHEET STEEL. 


J. J. HABERSHON & SONS, Lid., 
HOLMES MILLS, ROTHERHAM. 


WE MANUFACTURE THESE = 
PATENT 


\\ 
100 
\\ 20% 


UNIVERSAL 
BALL JOINTS 


THE LIGHTEST, MOST 

EFFICIENT & COMPACT 

UNIVERSAL JOINT 
MANUFACTURED 


Used on Civil and Service Aircraft 
for engine controls, remote opera- 
tion of various mechanisms, flap 
operating gear and undercarriages 


STARTING 
HANDLE 


MOLLART ENGINEERING 


COMPANY LIMITED On Air: Ministry Approved Uist 
Precision and Production Engineers THE LONDON SAME PLATE Mig. Co. Ltd. 
KINGSTON-BY-PASS, SURREY CLERKENWELL, . 

: LONDON, EC.2. BRIGHTON 7. 
Designed and Produced by proved Precision ‘PHONE: CLERK. 6853-4. 8°TON. 1876 
Engineers with Air Ministry Gauge Test House 


Ref. No. 89755131 Tel: ELMBRIDGE 335 


xxxi 
= 
| | Mim 
| 
x00 |} H 
| | &> 
| | 
| 
| ! ae FOR VERY LIGHT ff sack 
| 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY {[September, 1940 


HIGH PERFORMANCE AIRCRAFT 


THE BRISTOL AEROPLANE CO., LTD., FILTON, BRISTOL 
Telegrams: Aviation, Bristol Telephone, Bristol 45051 


THE SHORT SUNDERLAND 


DESIGNED AND BUILT BY 


SHORT BROS. LTD. 


Printed by the Lewes Press (Wightman & Co., Ltd.). Friars Walk, Lewes, England, and 
Published by the Royal Aeronautical Society, 4, Hamilton Place, London, W.1, England. 


xxxii 
be ” 


» 1940 
L 


t 
] 
I 
0 
I 

| 
| 


THE ROYAL AEBRONAUTICAL SOCIETY 


WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS. 


MONTHLY NOTICES, 
OCTOBER, 1940. 


Office Hours. 

The normal office hours are being observed as far as possible. During air 
raids the Society’s offices are open, but in view of the difficulties involved in 
certain directions the offices will not be open on Saturdays until further notice. 


Society's Emergency Address. 


It should be made clear that although the Society has published from time to 
time in the Journal its emergency address and telephone number (which can be 
used at any time alternatively with those of the Society), the Society functions, 
and has functioned from the beginning of the war, from No. 4, Hamilton Place, 
W.1. It will continue to function from London as far as possible, even though 
some of the staff may have to be moved, others will continue in London itself. 
It is obvious that events may make things difficult and cause a certain amount 
of delay, and members are asked to bear these events in mind. 


The emergency address is— 
Brook House, 
Old School Lane, 
Brockham, Surrey. 
Telephone: Betchworth 180. 


President. 


Mr. A. H. R. Fedden, M.B.E., F.R.Ae.S., completes his term of office as 
President on September 30th, 1940. Mr. Griffith Brewer, Honorary Fellow, takes 
office as President from October 1st, 1940. 


Council Meeting. 


A Meeting of Council was held in the offices of the Society on Wednesday, 
September 25th, 1940. 

Present: Mr. A. H. R. Fedden (in the chair). 

Professor L. Bairstow, Dr. H. Roxbee Cox, Mr. E. C. Gordon England, 
Professor F. T. Hill, Air Vice-Marshal R. M. Hill (Vice-President), Captain A, G. 
Lamplugh, Lieut.-Col. J. T. C. Moore-Brabazon, Mr. D. R. Pye, Mr. F. M. 
Thomas, Mr. A. Hessell Tiltman, Mr. R. T. Youngman. 


Among the business discussed was the following :—Abstracts; Civil Aviation 
Advisory Committee; Censorship of Lectures; Training of Aircraft Engineers ; 
Election of Fellows and Associate Fellows; Syllabus of the Associate Fellowship 
Examinations ; Lecture Programme; Stanley Spooner Scholarship. 
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Election of Members. 
The following members were recently elected :— 
Associate Fellows.—John Nicholls (from Student), Ernest Alired 
Whiteley. 
Associates.—Herbert Edward Cleaverley, Cyril L. de Sales Murray. 
Graduates.—Alfred Lipfriend (from Student), John Yarnell. 


Students.—Clifford Kell, Raghunath Shamrao Khot, Thomas Hubert 
Gethin Lewis, William Bernard Mathison, Patrick Cyril Stansell, 
James Teague. 


Companions.—Chaudri Mohammad Afzal (from Student). 


Common Preliminary Examination. 

The Royal Aeronautical Society, which is a constituent member of the Engi- 
neering Joint Examination Board, on which are also represented the Institutions 
of Civil Engineers, Mechanical Engineers, Naval Architects, Electrical Engineers, 
Municipal and County Engineers and Structural Engineers and the Institute of 
Marine Engineers, have agreed to the founding of a common _ preliminary 
examination for studentship. The passing of this examination (or exemption 
from it), will entitle a student to an Exemption Certificate, the granting of which 
will allow him, if he wishes to join any of the Institutions as a student to do so, 
subject, of course, to any further conditions as to age, and so on, laid down by 
the Institution. Up to the present time the passing of the studentship examina- 
tion of any particular institution has not exempted, normally, from the student- 
ship examination of any other engineering institution. From October rst, 1940, 
there will be no preliminary examination in the Society’s examinations and all 
those applying for studentship must comply with the examination qualifications 
of the Common Preliminary Examination. 

The following is a list of the exempting qualifications for the Common 
Preliminary Examination.. 


(1) UNIVERSITIES. 

(a) Graduates of any University in the British Empire. 

(b) Matriculation or Entrance Examination required for entry upon a regular 
course of engineering study leading to an Engineering Degree of the following 
Universities : 


Aberdeen. Glasgow. Shefheld. New Zealand. 
Belfast (Queen’s Leeds. Wales. Queen’s (Kings- 
University). Liverpool. Adelaide. ton, Canada). 
Birmingham. London. Bombay. Queensland. 
Bristol. Manchester. British Columbia. South Africa. 
Cambridge. National Univer- Cape Town. Sydnev. 
Dublin. sity of Ireland. Hong Kong. ‘Tasmania. 
Durham. Oxford. McGill (Montreal). ‘Toronto. 
Edinburgh. St. Andrews. Melbourne. Western Australia. 


Witwatersrand. 


(2) SECONDARY SCHOOLS. 


(a) The School Certificate \ or B of the First Examination of the Secondar\ 
Schools Examinations Council (Board of Education) held by one of the following, 
provided at least five subjects be covered thereby, including passes with credit in 


Mathematics, a Science, and one other subject :— 
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Oxford and Cambridge Schools Examination Board. 
Oxford Local Examinations Delegacy. 

Cambridge Local Examinations Syndicate. 

Northern Universities Joint Matriculation Board. 
University of London. 

University of Durham. 

University of Bristol. 

Central Welsh Board. 

(b) .\ pass in Pure or Applied Mathematics, whether as a main, an additional 
or a subsidiary subject in any Higher School Certificate Examination of any of 
the above-mentioned examining bodies will be accepted in place of the pass with 
credit in Mathematics and similarly a pass in any science subject, in place of 
the pass with credit in science. 

(c) The following Examinations, provided the requisite subjects of the Common 
Preliminary Examination, passed at one and the same _ sitting, be covered 
thereby :— 

Adelaide Leaving Certificate. 

Melbourne School Leaving Certificate. 

Queensland Senior Public Examination Certificate. 

Tasmania Public Leaving Certificate. 

Western Australia School Leaving Certificate. 

Matriculation Examination of the South African Joint 
Matriculation Board. 

Secondary School Senior Certificate of the Department 
of Public Education, Cape of Good Hope. 

Transvaal Secondary School Certificate. 


(3) ESTABLISHMENTS. 
Army, Navy and Air Force Entrance Examination, 
Naval Cadets Passing-out Examination. 
Whitworth Scholars. 
(4) National Certificates or Diplomas accepted as in part exempting from the 
Common Preliminary Examination on a ‘‘ subject for subject ’’ basis. 
(5) Recognition of any other educational certificate be considered by the Board 
on the receipt of an application from the examining body concerned. 


Additions to Library. 
UU.a.—National Advisory Committee for Aeronautics. ‘Technical Notes: 
No. 754. An Investigation of the Prevention of Ice on the Airplane 
Windshield. By Lewis .\. Rodert. 
No. 755. Wind Tunnel Investigation of an N.A.C.A. 23030 .\irfoil with 
various arrangements of Slotted Flaps. By I. G. Recant. 
No. 756. The Eftect of Piston-Head Shape, Cylinder-Head Shape and 
Exhaust Restriction, on the Performance of a Piston-Ported Two- 
Stroke Cylinder. By A. R. Rogowski, C. L. Bouchard, and C. 
Fayette Taylor. 
No. 757- A Study of Unsymmetrical-Loading Conditions. By Henry .\, 
Pearson. 
No. 758. Measurements and Analysis of the Motion of a Canard \ir- 
plane in Gusts. By P. Donely, H. B. Pierce and Philip W. Pepoon. 
No. 760. \ Full-Scale Investigation of the Effect of several Factors on 
the Shimmy of Castering Wheels. By Walter B. Howard. 
UU.b.—National Advisory Committee for Aeronautics. Reports: 
No. 681. The Unsteady Lift of a Wing of Finite Aspect Ratio. By 
Robert T. Jones. 
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No. 682. Flame Speeds and Energy Considerations for Explosions in a 
Spherical Bomb. By E. F. Fiock, C. F. Marvin, F. R. Caldwell 
and C. H. Roeder: 

UL. 3.—Institute of Physical and Chemical Research, Tokyo. Scientific 
Papers, Nos. 974-979. 1940. 

B.b. 16.—Proceedings of Rotating Wing Aircraft Meeting (2nd Annual 
Meeting), held at the Franklin Institute, Philadelphia, Nov. 30-Dec. ist, 
1939. Edited by R. H. McClarren. Institution of the Aeronautical 
Sciences, U.S.A. $2. 1940. 

BB.b. 62.—Handbook of Aeronautics. (1st Edition.) Gale and Polden, 1931. 

BB.f. 33.—Air Navigation Instruments (excluding Compasses). (A.P. 803.) 
The Air Ministry. H.M.S.O. 1924. 1/-. 

C.f. 10.—Parachute Manual. (A.P. 1182.) The Air Ministry. H.M.S.O. 
1931. 3/-. 

K.f. 70.—The Aircraft Bench Fitter. (2nd Ed.) Wm. S. B. Townsend. 
Sir Isaac Pitman and Sons. 1940. 3/6. 

G.c. 13.—Mechanical Testing of Metallic Materials. By R. A. Beaumont. 
Sir Isaac Pitman and Sons. 1940. 6/-. 

L.a. 37.—R.A.F. Flying Training Manual, Part II: Applied Flying. (A.P. 
928.) The Air Ministry. H.M.S.O. 1923. 2/6. 

X.c.B. 19.-—British Standard Glossary of Aeronautical Terms. (Revised, 
August, 194c.) British Standards Institution. 1940. 8/-. 


J. LAURENCE PritcHarD, Secretary and Editor. 
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THE FORCES ON AN AEROFOIL AT VERY LOW SPEEDS.* 
By A. THom, D.Sc., Ph.D., and P. Swart, B.Sc. 


SUMMARY. 

The forces on an aerofoil have been measured at various angles of incidence 
for 0.5 < Rh < 2,000. 

Below R=2 the lift is found to be given approximately by :— 

(3/2) plV sin 2% 
and the drag at all angles of incidence tends to: 
D=6nlV. 

An approximate theoretical estimate is also given of the effect of spacing, on 

the drag of a series of flat plates at R So. 


If the circulation about an aerofoil is produced in the first place by eddies 
leaving the trailing edge then, when the Reynolds number is reduced, some critical 
change might be expected in the circulation or in the lift, when the point is 
reached where viscosity prevents the formation of eddies. To investigate this, 
and to study the general behaviour of an aerofoil at low speeds these experiments 
were undertaken. Many difficulties have been experienced and as a result the 
experiments were spread over several years. No great accuracy is claimed but 
certain of the results seem interesting. 

The measurements were made in water and in oil in the 5 in. x 5 in. channel in 
Glasgow University described in R. and M. 1,389. The properties of the oil 
used are also given in that paper. The length of the straight portions of the 
channel has been doubled. This allows more room for the inclusion of devices 
for rendering the flow at the working section uniform. It would appear that the 
attainment of a uniform flow becomes more difficult when the scale is reduced. 
This statement is based on the fact that other experimenters seem to have attained 
good results with comparatively simple means whereas great difficulties have 
been encountered in the present case. The following are among some of the 
arrangements tried :— 

(a) The end of the channel (Fig. 1, R. and M. 1,389) altered to consist of 
two right angle bends with rows of vanes in the corners. 

(b) Several honeycombs having the divisions staggered. 

(c) Zig-zag mixing arrangements. 

(d) A honeycomb having 5x5 cells, in each of which was fitted a strip of 
sheet brass twisted (like a twist drill) through 180° in the length of the 
cell (5 inches). 

(e) A cover touching the surface of the water fitted over the honeycombs 
and extending towards the working section. 

Each of these helped but (c) puts up too much resistance. Accordingly the 
final arrangement is as shown in Fig. 1. This gives a good velocity distribution 
(max. deviation + 1.5 per cent.) over the central 3 in. x 3 in. of the working section. 
The above experiments were made in water above the critical velocity. Below 
the critical it was considered useless to attempt to do more than to use a section 


* p 


ublished by permission of the Aeronautical Research Committee (3045. F. & M. 327). 
Fluid Motion Panel. Aerodynamics Sub-Committee, ‘‘A’’ Report). 
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fairly close to the last honeycomb. It must therefore be understood that no 
claim is made that accurately parallel uniform flow existed round the aerofoil 


When using oil the propeller shaft speed was calibrated to give velocity, the 


calibration being made by timing over a short stretch, air bells or dust particles 
introduced for the purpose. An average was taken over the position to be 


occupied by the aerofoil. 


5" 
| 


Arrangement of Honeycombs etc. in Channel. 


Fic. 1. 
THE BALANCES. 


The first balance used was on the principle of that described in R. and M. 1,520 
and 1,623, and so gave indirectly, lift, drag and moment. 
as possible, and gave results down to 4 cm./sec. 
this it was not sensitive enough. 


It was made as light 
in water (see Table I), but below 
Accordingly a simple balance measuring one 
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c 
Experiment 
120 
~< 
1090 
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20 
° 10 


Results obtained by arithmetical Selytion of the 


Eqvahons of 
viscous jlow at vanishingly low speeds 


2, 
force at a time was made (Fig. 3). The complete moving unit with aerofoil and 
counterweight weighed about 22 gr. An arrangement (not shown) was intro- 


duced for lifting the balance and reseating it in the same place. Force measure- 
ments could be made to less than 1 mg. with an accuracy of +2 per cent. 
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THE .\EROFOIL. 

This was of stainless steel 7.5 cm.x1.24 cm. The success attained by Mr. 
Alex. Fulton in shaping this small aerofoil by hand is shown by the spherometer 
measurements made of the upper surface at three sections (see Fig. 4). The 
under surface was flat and the ends square. With the first balance the span was 
horizontal and with the second vertical. 


MEASUREMENTS. 


In using the balance at low speeds it had to be covered to avoid the effect of 
slight air movements. It is imperative that the supporting spindle cut the water 
surface vertically under the line of the knife edges, otherwise slight changes of 


Counterweignt 


Knife edge and 


support 


Fig. 3. 


Water channel with aerofoil and balance in position 
for lift) measurement. 


the water level will (by flotation) affect the readings. This point was checked 
at each alteration of incidence by testing the effect of a relatively large change 
in the level of the water (or oil). Measurements in water below 0.5 cm./sec. 
were inconsistent. The effect of the inevitable skin or film on the water surface 


tends to become relatively large. At higher speeds the water clears itself, but 
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\W ith 


oil there seems to be no film of impurity and measurements can be taken down 


at low speeds the surface remains stationary and affects the balance badly. 
to o.1 cm./sec. or less. 


THE RESULTS. 

The measures have not been corrected for channel wall interference since the 
usual rules probably cease to apply. The new coeflicients C, and Cy are used 
throughout for stating the results (see Tables). An inspection of Fig. 5 shows 


+ 
~ 
° 
+0 GA. 
‘9 
! 
‘ 
Aerofoil Profile 
Ordinates 
+ Certre 
Right 
© Left 
__Crord = 1-24 


Span = 7-5 cm 


Acrofoil Profile 


FIG. 4. 


that while down to R=10 the square law gives a good representation of fact, 
below this it ceases to hold and all the curves show a tendency towards the first 
power of J. 
Writing 
and equating to 
L=41C,pclV? (c=chord and l=span) 
we get 


L.=4tRC, . : 2) 
and this with L, constant evidently represents the lower end of most of the curves 
within the experimental accuracy. The chord ¢ does not appear in (1) so that at 
low speeds the lift tends to be independent of the chord. 

That the lift goes on increasing up to and possibly beyond 45° is not surprising 


when the high drag is considered. Thus at R=1 we get from the curves 


a L/D 
0° o 12.5 o 
10° 0.81 12.5 0.0605 
20° 1.75 12.5 0.14 
45° 2.87 16.0 0.18 
90° 18.3 


Thus the resultant force at this speed is never deflected from the downstream 
direction by more than some 11° and the lift appears as simply the result of a 


small deflection of the drag. 
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Fig. 7 shows for all the lift results below R=10, Log (C,,+sin 2x) plotted on 
> 


Log R. Below R=2 these are represented almost within the experimental 
accuracy by a straight line of gradient =—1. Hence the lift tends to :— 
L=1.4 plV sin 22 (3) 
This would hold approximately for any value of x throughout a complete 
revolution, as it makes L zero at 0, go°, 180°, etc. An inspection of Fig. 6 shows 
that as R decreases the effect of the angle of incidence decreases. Thus at R=1 
an increase of x from 0° to go° only varies C,, from 12.5 to 18. 
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Piercy and Winny’s solution*® by Oseen’s method of the flow past a thin plate 
is seen to be very close to the z=o results at R=1,o00 and at R=1o it is only 


some 20 per cent. low. Below R=10 the results begin to approach the value 
C,=12/R for low values of x The values for 1=45° and go° are also closing 
in so that at low speeds probably all values of drag are given by 


Since this is independent of x and ¢ it would mean that when the speed 1s 
vanishingly small the drag of a cylindrical body is independent of its section 
(shape or dimensions), and only dependent on its length. On this reasoning (4) 
would apply to all cylinders circular or otherwise. Bairstow found theoretically 
for a circular cylinder in a channel of width 5 diameters, the value: 


where [ is the undisturbed central speed in the channel. This was for =o and 
so is comparable with the present results. 

The necessity of boundaries or some equivalent for a theoretical solution has 
been pointed out by various writers. ! 

lo obtain an idea of the effect of the spacing of the boundaries on the flat 
plate problem a development of the methods of solution of V'v=o already given? 
was applied to the solution of the flow past a series of parallel thin plates arranged 
as indicated in Fig. 2. 

Let e=chord of each plate and =distance between plates. If the problem 
were one in non-viscous flow would be the width of the channel, but here it is 


Proc. Roy. Soc. A., Vol. 140, 1933, on Aerodynamics, Piercy. 

roc. Roy. Soc. A., Vol. 100, 1922, p. 394. 

e.g., Stokes quoted by Lamb. Hydrodynamics, 5th Edition. $343 
Thom, R. & M. No. 1604. 
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merely the distance between successive straight parallel streamlines. The fo! 
lowing values of C,, were obtained for different spacings. 


hic RC, y=(h/c) 
16 7.0 28 

8 9.2 26 

4 2:2 24.4 

2 18.6 26.3 

I 31 31 

24 ch 24 


The limiting value of RC, as l/c tends to zero is given by the standard solution 
for flow between parallel plates, when the drag of each plate is given by 
RC,=24¢/h (for fluid on both sides). Hence for comparison with this case 
write RC,=yc/h. The values of y thus obtained (see table above) are shown in 
Fig. 2. 

These values indicate the magnitude of the effect of spacing in the case of the 
infinite row of strips, and so probably also of the channel width in the case of a 
single strip between walls. Two approximate solutions for the latter case have 
been obtained arithmetically for two channel widths. These are also shown in 
Fig. 2 expressed in terms of the central channel velocity (not the mean velocity). 

We have seen that the present experiments give for low speeds, D=6ylV, 
which can be written RC,=12. As h/c is about 10 we have y=120. This is 
also shown in Fig. 2 and would seem to agree reasonably well with the theoretical 
values, although at the section where the experiments were made the flow had 
probably not had time to take up the true channel régime. 


TABLE I. 
MEASUREMENTS IN WATER WITH First BALANCE. 
10". 
Vel. Rey. No. Lift Coef. Drag. Coef. Mt. Coef. Cr. 
V cm. /sec. VC/v Cy Coef. 
4 450 0.41 0.18 O.114 0.26 
8 goo 0.43 0.14 0.13 0.30 
12 350 0.45 0.13 0.136 0.29 
16 1800 0.48 0.13 0.146 0.30 
20 225C 0.54 0.13 0.160 0.29 
TABLE I]. 
LirtT MEASUREMENTS IN WATER. 
4=0° water. 4=24° water. 
Vel Lift V VC/v 
V cm./sec. LMG. VC C, 
C.41 0.07 a7 0.09 0.42 0.20 39 0.2 
0.01 0.22 56 0.12 0.64 0.42 59 0.22 
0.78 0.39 72 0.13 0.87 0.71 80 0.20 
1.44 0.47 132 0.05 1.45 2.01 33 0.20 
2.28 1.42 210 0.06 1.81 3.81 166 0.25 
2.26 707 208 G.32 
swater. ~=74° water. 

I C, | I C, 
0.40 0.18 37 0.40 0.35 39 0.46 
0.56 0.42 51 0.28 0.69 1 63 0.50 
0.94 0 by 86 0. 28 1.43 4-95 131 0.51 
ice 3.08 140 0.28 1.91 10.0 175 0.58 
1.86 6.3 171 0.38 2.25 16.0 207 0.67 
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THE FORCES ON AN AEROFOIL AT VERY LOW 


TaBLE II (continued). 


a VC/v C, a 
fo 
10 67 0.44 15 
158 0.48 
3160 0.50 
640 0.50 
790 0.52 
940 0.54 
124° 36 0.61 
57 0.68 
100 0.68 
144 
180 0.83 


DraG MEASUREMENTS IN WATER. 


a V cm. /sec. D MG. VC/v 
10° 2x6) 8 290 
re) 18 450 
6.5 40 730 
69 1020 
105 1320 
27.C 525 3050 
6.8 29 770 
24 6.3 32 7 
5 6.6 35 750 
72 6.2 33 eae 
10 7:2 40 813 
124 5-3 37 666 
15 5°7 4° 645 
TV. 
Lirt MEASUREMENTS IN OIL. 
a VG C, a 
o° 2.0 0.00 + 10° 
3.0 0.00 
+0.02 
8.0 0.02 
0.03 
0.03 
10.5 0.03 
+5 0.46 
1.6 0.40 
23 0. 30 
3.6 0.30 + 15° 
4-7 0.32 
6.4 0.32 
10.1 0.32 
13.8 0.34 
18.8 O. 3C 


SPEEDS. 
VC/v 
36 
oI 
103 
131 
105 
Cy 
0.25 
0.23 
0.20 
0.18 
oO [5 
O.15 
0.17 
0.17 
0.18 
O.19 
0.260 
VC/v 
0.80 
1.0 
2 
25 
3.8 
8.0 
10.3 
15.8 
20.8 
0.72 
1.6 
1.9 
2:5 
Ax2 
6.2 
9.0 
12.2 
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| 
0.07 
O.71 
0.65 
0.70 
C.74 
0.81 
n 
e 
n 
e 
e 
n 
S 
i] 
d 
( 
1.04 
0.82 
0.76 
0.60 
0.00 
0.51 
0.50 
0.51 
0.50 
0.46 
2.0 
1.46 
1.20 
1.06 
1.06 
0.86 
0.82 
0.80 
0.78 
15.2 0.70 
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Taste LV (continued). 
‘ VC C, a VC C, 
+ 20° 0.96 1.88 + 35° C.65 4.2 
[57 1.32 2.2 
2.6 1.00 1.86 1.72 
4.7 0.go 4-0 1.42 
6.4 0.98 6.8 1.28 
8.7 0.86 10.4 [.22 
10.2 c.88 1.20 
0.G2 
14.2 0.99 + 45° 1.0 2.9 
2.0 
25 0.04 3.2 2.0 1.74 
1.17 1.9 1.44 
2.0 735 
4.1 1.16 10.5 5.36 
12) 4 1.00 
8.0 1.04 45 0.53 6.9 
g.0 I.O2 1.05 3.0 
11.8 1.04 2.6 
13.5 1.06 2.25 1.95 
5-05 1.07 
30 0.48 5.6 10.1 1.57 
0.62 3.5 18.6 
2.3 
1.2 
5-4 1.18 
8.8 
11.6 
13.6 
TABLE V. 
DraG MEASUREMENTS IN OIL. 
‘ a v 
J Cy Cy 
Oo 0.33 40.0 45, 0.9 17.0 
0.68 16.0 2.2 8.5 
1.61 3 6.2 4.0 
3-15 4-9 9-5 3°3 
5-8 2.3 12.0 3.0 
9.9 2.3 C25 2:7 
15.0 1.0 
Qo 17.0 
10 1.0 12.4 lave 12.0 
2.1 5.6 ‘2 6.1 
4.3 3.8 5-9 
6.7 2.8 8.0 
2.0 10.8 3.6 
13-5 1.8 12.0 es 
15.0 1.8 
20° 0.51 25.0 
9.8 
2.24 6.2 
4-3 
8.5 
[235 
14.7 1.9 


A FAMILY OF AEROFOILS WITH ROUNDED TRAILING EDGE 
By J. C. Cooke, M.A. 


Communicated by Dr. L. Howarth. 


1. Piercy, Piper and Preston (1) and Piercy, Preston and Whitehead (2) 
have developed a family of aerofoils which are the inverses of hyperbolas. These 
calculations give a family with a finite tail angle, equal to the angle between the 
asymptotes. It may sometimes be preferable to have a rounded trailing edge. It 
is the purpose of this note to describe a family whose members are inverses of 
ellipses. 

2. It will be seen that, if the centre of inversion is on the major axis produced, 
symmetrical sections will result; whilst, if the centre is just off the major axis, a 
cambered section will be produced; and the inverse of the major axis (which is a 
circle) can be taken as the camber line. 

The centre of inversion C being taken as origin, the equations of the ellipse 
may be written 

x,=e+a cos 6 

y,=6+0) sin 6 (1) 
where we take a=cosh a,, b=sinh a,, so that a*—b*=1. If we take the complex 
equation of transformation as s=1/s, we have for the aerofoil shape 


1 
+9"), (x,?+y,7) 


No loss of generality is introduced by taking a? — b?=1 and the radius of inversion 
as unity. Variations from these merely change the scale. 


Aerofoil shapes are obtained when b is small and @= 1. 6=0 gives symmetrical 
sections, and small values of 6 give cambered sections. Fig. 1 shows sections with 


é=1.95, 6=0, and Fig. 2 with ¢=1.95, 6=0.12. 


FiG.. 2: 


rhe chord of the section is 2a/(a*—e?) provided the camber is small. 

3. For purposes of calculating the velocity distribution it 1s necessary to trans- 
form the section into a circle. Starting from the aerofoil we first invert it into an 
ellipse ; this ellipse is then transformed into a circle, which is then inverted into 


itself. This last inversion is necessary to make the regions at infinity correspond. 
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The sequence of transformation is (see Fig. 3) 

s=1/2,, 2,- (¢ +26) =4 
S,=(s,—A,) s,=(A,?—A,?)/2,, and t=z,—A,° 
where A,=a+b A,=e., €+id=cosh(a,+iB,), €, +10, =e47+i6?, 
where (—e,, —6,) are the co-ordinates of C in the s, plane. 

These relations can be verified with the help of the diagrams and the equations 
(2). (Points with the same letters in the diagrams correspond.) They determine 
A,, A., a,, a,, B, when e, 6, a, b are known. 

It is easily verified that the point 6 determined by equation (1) corresponds to 
the point z,=A,e® on the circle in the 3, plane. Substituting this value in the 
relations (2), then it can be shown with a little reduction that if the point 
s,=A,e" corresponds to the point then 

A,—-A 6—B, 
tan * = —2— tan Ba 
2 A,+A, 2 

This relates corresponding points on the circle and the aerofoil. 

4. For the relations between the two planes at infinity we must evaluate 
dz/dt at infinity. 

By simple reduction we obtain 

s=kt+c,+c,/t+c,/t? + 
where 
} A, 
sinh (a, +78,) 

Hence if we assume a velocity at infinity U in the z plane making an angle 
a+ with the x axis (see Fig. 3), and a corresponding velocity U’ in the t plane 
making an angle a’ with the real axis, then 


U! |dz| A, 
dt| y (cosh? al, — COS? B;) 
and 
a’— =arg (dz/dt) = —arc tan (tan coth a,). 


Finally, the angle £8 is determined from consideration of the co-ordinates of 4 
and B in the g plane, corresponding to 6=o and 6="z. 

We easily obtain 

tan B=26 e/ (ce? — a? —8?). 

For any given aerofoil these quantities need only to be evaluated once and for 
all. 

5- For the velocity distribution on the surface of the aerofoil we have for the 
flow past the circle in the ¢t plane with circulation x* 


On the circular boundary t= 4 ,e''"+), and so 


g=-—2U' A, cos (7+x+0’) (7+ x) 
and the velocity h will be 
1 oo 
( A, Nay ), 1.@., 


K 


(4c. 


* The circulation in the z plane is also x. 
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The corresponding velocity |” in the s plane is given by 


V dt 
h dz 
which reduces to 
V +9,7 A, (A,?-—A,?) 
h (cosh- a 6) A,?+A,7+2 cos: (0 B,) 


which determines the velocity at any point in the boundary. 

6. Given a, b, e, 6, the aerofoil is determined. Its camber is found from th« 
inverse of the major axis AB which is a circle. It is found that the camber is 
equal to } tan 4 @ where tan @=26a/ (e? —a? +67). 

The reverse operation of determining the constants from a given position and 
magnitude of maximum thickness and a given camber is somewhat troublesome, 
but it may be done by successive approximation. For a very thin section equations 
similar to equations (14) and (14a) in the paper by Piercy, Piper and Preston are 


written down. This gives for a thin symmetrical section 
t—2 (2S 
’ 
28-1 


where S is the distance of the position of maximum thickness from the tail 


expressed as a fraction of the chord. ‘This approximation may be improved to 
determine all the constants if the maximum thickness and camber are given. The 


details are not given here. 


REFERENCES 
(1) Piercy, Piper and Preston. Phil. Mag., Vol. XXIV (1937), pp. 425-444. 
(2) Piercy, Preston and Whitehead. lircraft Engineering, Vol. X (1938), pp. 339-343 


LIMITING FACTORS IN SINGLE STAGE CENTRIFUGAL 
SUPERCHARGERS FOR AERO ENGINES.* 


By Dr. Ing. K. KoL_umay. 
Er. ** Luftwissen,’? March, 1940, pp. 54-61. 


!o-day all altitudes up to, and including, the stratosphere are within the scope 
of aviation. The engines must therefore be provided with highly developed 
superchargers so as to obtain high performance even at these altitudes. The 
single or multi-stage superchargers necessary to accomplish this become an 
integral part of the engine and exercise a distinct influence on its general 
construction, 

In many types of engine the supercharger is built on to the accessory drive 
end, that is the rear of the engine, so that the supercharger shaft lies co-axially 
or parallel with the crankshaft. As regards transmission, this has the great 
advantage of permitting the use of simple spur gearing, but suffers from the 
disadvantage that in passing through both intake and delivery sections the 
working fluid is subjected to several right angle changes in direction. In the 
case of the Rolls-Royce Merlin (Fig. 3), for example, with air intakes on either 


PIG. 


Junkers ** 211 aero engine. 


side, there are 2x 2 right angle bends before the inlet to the impellor is reached, 
and two more at the delivery side. Such bends naturally involve losses in 
supercharging which should definitely be avoided. Hence, in Germany in both 
the liquid-cooled in-line aero engines Jumo 211 (Fig. 1) and Mercedes-Benz 
DB 600 (Fig. 2) the supercharger shaft is built square to the engine crankshaft 
and the supercharger located at the side of the transmission casing, so that a 
single right angle bend suffices to change the direction of flow of intake air 
from that of flight and lead it axially to the impellor. If at the same time care 
is taken in nacelle design to ensure an undisturbed flow of air to the intake duct, 
then the total static head of flight may be utilised in supercharging the engine, 
resulting in an increased altitude rating. The proportion of this increase, 
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due to full utilisation of the flight static head, is shown in Fig. 4. At a flight 
speed of 600 km./h. (373 m.p.h.) its value is, for example, about 1,400 1 
(4,600 ft.). 

To reduce the losses in the intake pipes as much as possible abrupt changes 
of velocity should be avoided. The aim is therefore to lead the air, entering at 
velocity equivalent to flight speed, directly to the supercharger without modifying 
that velocity. This determines the area of the impellor intake. Aerodynamic 
refinements of recent years which have led to such extraordinary increase in 
speed have had a direct influence on supercharger proportions. A_ reduction 
in intake openings has resulted with consequent improved supercharger efficiency. 
The adoption of a diameter ratio (for the impellor) Di/Da=o0.5 to 0.6 has proved 
particularly effective. 

The pressure to be developed in the supercharger will determine the outside 
diameter of the impellor. The relationship of the individual dimensions: Rated 
altitude, supercharge pressure, peripheral velocity, outside diameter, r.p.m. of 
impellor at various efficiencies of the supercharger can be seen in Fig. 5. To 
maintain supercharger efficiency of 75 per cent. at constant speed of revolution 
(25,000 r.p.m.) an increase of rated altitude (supercharge pressure 1.3 ata., 
conversion factor 14,223 lb./sq. in. = 18,489 lb./sq. in. abs.) from 6 km. to 10 km. 
(19,700-32,800 ft.) involves an increase of peripheral velocity from 340 m./s. 
to 420 m./s. (1,115-1,377 {t./sec.) and an increase in impellor diameter from 
260 m./m. to 320 m./m. (10.24-12.60 ins.). The resulting supercharge air tem- 
perature increase is from 110° to 168° [C.?]. If the assumed efficiency be taken 
at only 60 per cent. instead of 75 per cent., comparative values will be obtained 
as shown in Table I :— 


TABLE I. 
Rated altitude 6 10 6 
ft. oe ... 19,700 32,800 19,700 32,800 
Final pressure of super- ata. [33 
charge air .. Ib./sq. in. abs. 18,489 18,489 18,489 18,489 
Intake depression ... 10.483 0.483 0.483 0.483 
Ib./sq. in. abs. 6.87 6.87 6.87 6.87 
Intake temperature — 23 50 23 50 
Supercharger 25,000 25,000 25,000 25,000 
Outside diameter of im- m./m. 320 290 350 
Peripheral velocity .. 340 420 3 400 
it. /Sec. 1,246 1,510 
Temperature increase... ... 110 168 136 210 
Final temperature of super-: 
charge air 87 118 113 160 
Adiabatic compression .... mGS.... 3470 12,950 8,470 12,950 
{t.-Ib 61.27 93-67 93-67 
Pressure ratio 2.5 4.85 2.5 4.85 


If the temperature of the supercharge air delivered to the engine is of minor 
significance at low altitude ratings, since it is generally below 100°C., this no 
longer holds true at higher altitude rating and everything must be done to obtain 
the most favourable supercharger efficiency throughout the entire range of engine 
operation, otherwise the use of air coolers will become inevitable. Further, as 
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is known, the higher the temperature of the intake air the greater is the tendency 
to knocking, even with fuels of highest quality. The supercharger efficiency 
required at given rated altitudes and supercharger pressures can be calculated 
if a practicable cylinder intake air temperature of 80°C. be assumed, while 
ignoring any evaporative cooling of the supercharge air due to the presence of 
the fuel, which may occur in front of the intake valves. As shown in Fig. 6 
with a supercharger pressure of 1.3 ata. (18,489 lb./sq. in. abs.) at a rated altitude 
of 6 km. (19,700 ft.) an efficiency of about 78 per cent. is required, whereas to 
attain a rated altitude of 10 km. (32,800 ft.) the efficiency required would be 
g8 per cent. 


Fig. 2. 


Mercedes-Benz DB 600 aero engine. 


It may be said at the present state of development of centrifugal super- 
chargers, especially for aero engines, that a supercharger efficiency of 78 per 
cent. is attainable, at least within a definite range of engine power. An efficiency 
of 98 per cent., however, will not be attainable even in the future. In consequence 
of thermal stress on the engine and low anti-knock value of fuels one is in prac- 
tice restricted to supercharge air temperatures, at the engine intake valves, not 
exceeding about 80°C. This implies that at rated altitudes above 6 km. 
(19,700 ft.) cooling of the supercharge air must be resorted to. It will be under- 
stood, therefore, that at present, rated altitudes of 6 km. (19,700 ft.) are not 
usually exceeded to any important extent. But for very special purposes, as for 


example altitude record flights, cooling of the air finds ready acceptance. Thus, 
for example, with the object of obtaining a world altitude record the Bristol Co. 
developed a special aeroplane fitted with a Bristol ‘* Pegasus *’ engine. The 


record altitude attained by this machine (Fig. 7) was 16,470 m. (54,036 ft.), the 
atmospheric pressure at this altitude was only 77.8 mm. (3.065 ins.) of mercury 
and the temperature —49.8°C. To reach this altitude a supercharged engine, 
with gear driven supercharger, having a rated altitude of about 4,500 m. 
(14,700 ft.) was employed, an additional two-stage supercharger being fitted. 
This additional supercharger was also driven by the engine through a_ shaft 
extension and provided with engaging couplings operated by a compressed air 
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servo motor. Between the two stages of the additional supercharger the air was 


cooled in special block type intercoolers. Another air cooling arrangem 
patented by the Bristol Co. (Fig. 9) is to place the coolers between the cylinde: 
This arrangement permits an important saving in space to be effected. A control 
of intake air temperature can be employed to govern the thermal characteristics 
of the engine or alternatively multi-stage blower provision can be made to ensu: 
any desired pressure ratio required to provide a specific air pressure at the engi 
intake and maintain it at high altitude. 


The attachment to the engine and the drive of multi-stage superchargers will 


doubtless continue to present a difhcult problem and the tendency will theretore 
be to develop single-stage compression to its ultimate limit. 


2 


Rolls-Royce ** Merlin’ aero engine (view at supercharger end). 

We will now deal with the limiting factors which govern single-stage centri- 
fugal supercharging in the light of present day development. 


1. CONSTRUCTIONAL MATERIAL OF THE IMPELLOR. 


As is shown in Table I, to increase the altitude rating, for example, {from 
6 km. to ro km. (19,700-32,800 ft.) with the same supercharger efficiency an 
increase of 


peripheral velocity of the impellor of 24 per cent. is required. Since 
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centrifugal force increases as the square of the peripheral velocity there will be 
a corresponding increase of the tensile stress in the radial blades of the impellor 
of about 50 per cent. These stresses must be considered in selecting impellor 
blade material and additional stresses which may arise, for example, from 
resonant vibration or notch effect must be avoided stringently by appropriate 


design. 
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Gain in flight altitude (in m.) at various flying speeds. 
Abscissa: Flight speed (km. /h.). 
Ordinates: Gain in rated altitude. 

N=engine output related to flight altitude. 

Altitude power with static head full utilisation - - - - - - , 

- without static head full utilisation ———. 

Steel, on account of its weight, is no longer of general importance for making 
impellors. Owing to the development of high duty light metal forging alloys 
with a proof stress* of about 35 to go kg./mm.? (49,800-56,g00 Ib./sq. in.) and a 
tensile strength of about 48 to 55 kg./mm.? (68,300-78,200 Ib./sq. in.) it has 
become possible to cope with the high centrifugal force developed at high peri- 
pheral velocity. Considered solely from the point of view of static strength 
determinations all materials come into consideration for impellor construction 
having a ratio proof stress/specific gravity of equal value to that pertaining to 


* TRANSLATOR’S NOTE. Confusion exists in reference sources regarding the interpre- 
tation of ‘‘ Streckgrenze.’’ The term is variously translated as ‘‘ yield point ’’ and 
‘““ proof stress’ (or elastic limit). Since ‘‘ Fliessgrenze ’’ is also given for ‘‘ yield 
point,’’ but not for ‘‘ proof stress,’’ the latter is assumed to be the intended meaning 
of ‘‘ Streckgrenze.’’ 
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high quality heat-treatable steel. This value, for example, for VCMo 140 heat- 
treatable steel is approximately 80/7.5=10.7, for duralumin DM 31 it is approxi- 
mately 38/2.8=13.6. This shows that duralumin provides a higher relative 
strength factor than steel. With elektron forgings having a specific gravity of 
about 1.8 gr./cm.* (0.065 Ib./cu. in.) it is therefore only necessary to have a 
strength of 19 to 20 kg./mm.* (27,000-28,450 lb./sq. in.) to provide the same 
safety factor as is obtained from the highest quality steel. Indeed, forged 
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Inter-relationship between the characteristics of centrifugal superchargers. 


elektron impellors have been adopted with great success. It is true that the 
fatigue limit of light metal impellors is considerably inferior to that of heat treat- 
able steel impellors; this can be counteracted, however, by suitable design. 

As regards the permissible stressing of the impellor with the various materials 
which come into question no definite information can be given at the moment. 
Comprehensive centrifugal tests are necessary. 
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lhe impellor developed tor the Mercedes-Benz DB 600 engine (Fig. 10) which 
in duralumin weighs only 880 grammes (1.94 lb.), even at peripheral velocities 
up to 450 m./s. (1,476 ft./sec.) has developed no permanent distortion, a proof 
that despite the exceptionally low weight the factor of safety is nevertheless 
adequate. When made in forged elektron, the weight, with practically the same 
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Fic. 6. 
Attainable rated altitude with respect to supercharger delivery 


pressure (calculated for a delivery air temperature of 80°C.). 


factor of safety, may be reduced to 668 grammes (1.47 Ib.).. A comparison with 
the impellor weights in foreign aero engines (Table II) proves how weight can 
be saved by means of suitable design :— 


I]. 
Dural. Elektron. 
Engine. kg. Ib. kg. lb. 
Mercedes-Benz DB 6co _... << Oe 1.94 0.66 1.45 
Rolls-Royce ‘‘ Merlin ”’ 3400 6.6 
Rolls-Royce Buzzard’’... 2530 — 
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Unfortunately, up to the present there is no method of predetermining the 


stresses which occur in an impellor. These stresses are due for the most part 
to the centrifugal forces which imcrease as the square of the peripheral velocity. 


The turning moment arising from propulsion of the supercharge air gives rise 


to forces leading to additional bending stresses. Further, there are harmonic 


oscillation forces, particuiarly with volute collectors in which the passage of 


individual impellor blades across the lip of the volute projecting into the com- 
pression space gives rise to power impulses reacting on the blades. Adequacy 
and correctness of design can only be ascertained in individual cases by means 


Bristol aircraft with Bristol ‘* Pegasus XVIII” engine for 
world altitude record attempt. 


Fic. 8. 
Additional supercharger for Bristol Pegasus XVIII engine 
for world altitude record attempt. 


of practical tests. As far as can be seen, therefore, it may be said that for the 
time being with respect to materials now available for impellor construction no 
limitation of peripheral speed arises, provided due consideration is given to the 
properties of the material employed when designing the impellor. Obviously, 
in view of the variety of impellor designs no universally applicable experimental 
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values can be given. Impellor designs as employed in the Jumo 210 and 211 
(Fig. 11), must, of course, be considered in an entirely different way to other 
standard types of impellors (Fig. 10). It is to be expected that in impellors ot 
the Junkers type (Fig. 11) overspeed is considerably more critical since more 
complex material stresses will arise in the unsupported box-form blades. Never- 
theless, it can be stated that the material which is to-day available for impellors 
does not limit the development of single-stage superchargers with maximum 
possible compression, since it jis perfectly possible to obtain peripheral velocities 
of over 450 m./s. (1,476 {t./sec.) with light metal impellors. 


2, \ERODYNAMIC CONSIDERATIONS. 

As far as at present can be seen the attainment of sonic speed will not impose 
a final limit. From the practical point of view, however, it would appear that 
the possibilities of single-stage compression are still limited to some extent by 
aerodynamic factors. Fig. 12 shows characteristic curves for the D.V.L. experi- 
mental supercharger. All components of this blower were specifically designed 
to ensure maximum efficiency. The double shrouded impellor incorporates a 


Intercoolers for supercharge air (location between cylinders). 
Bristol patent. 


special intake section designed to improve intake characteristics, and the blades 
of which are constructed on hydraulic principles so as to ensure shock-free entry 
of the air. The blades at the delivery section and the succeeding pressure volute 
were then designed to most favourable shape, in accordance with the results of a 
series of tests. If the characteristic curves for this supercharger are examined 
it will be observed that the maximum efficiency value, which is about 83 per cent., 
is obtained at low revolutions and peripheral velocities of about 200 to 220 m./s. 
(056-720 ft./sec.). With increasing r.p.m. the efficiency falls rapidly, so that for 
quantities of air involved in practical operation of 1.4 to 1.5 m.°/s. (49.4-53.0 Cu. 
ft./sec.) and at 27,000 r.p.m., an operating efficiency of 68 to 70 per cent. may 
be expected. 

Comparing the characteristics of other centrifugal superchargers it is seen 
that the region of maximum efficiency, independent of design, always occurs at 
values of peripheral velocity between about 200-260 m./s. (656-853 ft./sec.). 
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A modification in design of the supercharger will alter the exact value o! the 
maximum efficiency, but not its position in the characteristic curves. his 
typical condition is also seen m the characteristic curves of the Mercedes-!enz 
DB 600 aero engine supercharger the maximum efficiency of which is 68.5 per 
cent. at 245 m./s. (800 ft./sec.) peripheral velocity of the impellor (Fig. 13). It 
is further seen by a comparison of the characteristic curves of different super- 
chargers that the maximum efficiency obtained at a peripheral velocity of about 
220 m./s. (720 ft./sec.) can, with improved design of all essential supercharger 
component parts, be increased to about 80 per cent. if, however, the range of 
peripheral velocities of 350 to 400 m./s. (1,150-1,300 ft./sec.) obtaining in present 
practice are considered, the improvements then attainable are only slight. Thus, 
with the D.V.L. supercharger (Fig. 12) the maximum value occurs at about 
83 per cent. This is equivalent to an improvement of 15 per cent. compared 
with the DB 600 supercharger. However, at a peripheral velocity of 380 m./s. 
(1,250 ft./sec.) the maximum efficiency in both cases is in the order of 68 per cent. 


FIG. 10. 
Impellor of the Mercedes-Benz acro engine DB 600, 
weight 880 grammes (1.94 lb.). 


This characteristic of the supercharger is, of course, due to aerodynamical 
influences. Unfortunately the individual factors: Effect of the number of blades 
and impellor design, friction losses. losses at clearances, and so forth, cannot 
be definitely calculated, and hence the efficiency curve cannot be predetermined. 

\t the present state of supercharger development with respect to practical 
operating conditions efficiencies of from 7o to 75 per cent. may be expected under 
the most favourable conditions. By conforming to the stipulated limiting condi- 
tion of supercharge air delivery temperature 80°C., the limit for single stage 
supercharging is set at rated altitude of 6-7 km. (19,700-23,c00 ft.). It will, of 
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course, be higher accordingly as the temperature limit of the supercharge air 
can be increased. 

Not until it becomes possible to bring the maximum efficiency value of 80-85 
per cent. into the region of higher peripheral velocities can rated altitude be 
carried to a higher limit. 

3. CONSTRUCTIONAL CONSIDERATIONS. 

The maximum efficiencies of 80 to 85 per cent. of the D.V.L. experimental 
supercharger (characteristic curves Fig. 14) were obtained with a double shrouded 
impellor. By this means impellor friction and clearance losses are reduced, as 
is clearly shown by the maximum efficiency value attained. Series production 
of such impellors is, however, so difficult and expensive that careful examination 
must be made to ascertain to what extent a change of design is justified from 
the single shrouded type of blades, which present no difficulties in production, 
to the double shrouded type. In view of the relatively small improvement in 
efficiency in practical operation of the supercharger it is probable that the single 
shrouded type will be retained, especially since increased efficiency of this type 
of blade is also definitely to be expected. 


Fia. 11. 
Impellor construction of the Junkers aero engine ** Jumo 210.”’ 


When it is considered that it will never be possible to make these two designs 
of equal weight, and that the double shrouded impellor must be at least 50 to 
100 per cent. heavier than the single shrouded type it is evident that for this 
reason the latter will be preferred. 

If, therefore, it is desired to retain the simplicity of construction characteristic 
of a certain group of supercharger impellors at present in use, then due to con- 
structional considerations the limit in development of single stage superchargers 
will remain at rated altitudes between 6 and 7 km. (19,700-23,000 ft.), since an 
increase in the efficiency of 70-75 per cent. assumed would impose manufacturing 
technique of unusual stringency. 
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4. IMPELLOR SHAFT BEARINGS. 

So as to keep down the dimensions and weight of the supercharger the la‘ter 
is always driven at the highest possible speed permitted by the shaft bearings. 
Hitherto the rule of thumb formula held good that the product of the shaft 
diameter (in mm.) and the r.p.m. should not exceed a value of 500,000 to 600,000. 
Hence, with a shaft diameter of 25 mm. (0.98 ins.) the final speed is limited to 
20,000 to 24,000 r.p.m. In practice this limit has actually been exceeded with 
adequate safety, but speeds of 29,000 r.p.m. and over require very special 
measures being taken for lubrication—above all, in the installation of bearings (1). 
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Characteristic curves of a D.V.L. experimental supercharge 


Besides anti-friction bearings, plain bearings with special bronzes, sometimes 
with floating bushes, are used. In general, however, the axial thrust is more 
simply taken up by using anti-friction bearings. They also permit easier sealing 
of the shaft against leakage of lubricant by simple means (labyrinth, sealing 
rings, etc.) and operate in general with considerably smaller quantities of oil than 
do plain bearings. 

Unfortunately the bearing forces arising from the impellor (longitudinal and 
transverse forces) cannot be evaluated. Radial and axial play to be allowed in 
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anti-friction bearings must therefore be determined by specific tests in each 
individual case. Yet with plain bearings no generally applicable recommenda- 
tions for extent of clearances and choice of materials can be made. Neverthe- 
less, on the basis of previous development and experience, sufficient reliability to 
satisfy the requirements of increasing rated altitude and duty imposed on the 
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Characteristic curves of the Mercedes-Benz DB 600 aero engine 
supercharger. 


supercharger, can be ensured. Systematic development is still required in order 
to exceed present limits which are determined by the speeds of between 27,000c- 
30,000 r.p.m. now practicable. 


5. SUPERCHARGER DRIVE (GEARS, COUPLINGS, GEAR BOXES AND CLUTCHES). 

The increasing ratio of blower compression obtainable in a single stage has 
led to considerable increase in supercharger power demand, taken from the 
engine through gear and coupling transmissions. With a supercharger efficiency 
of 7o per cent., for example, the power required to obtain a pressure of approxi- 
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mately 1.3 ata. (18.489 lb./sq. in. abs.) at 6 km. (19,700 ft.) altitude amounts to 
about 12 to 13 per cent. of the engine power. This implies that at about ground 
altitude, that is to say, within the range of take-off power, great power loss is 
involved. Hence, clutch engaged transmissions have been developed which 
enable the supercharger to be either completely uncoupled at ground level or to 
be engaged at a lower transmission ratio. Such clutch mechanism under the 
power in question would have to be very large if not run at high speeds. Usually 
multiple disc friction clutches are used which are engaged by pistons under oil 
pressure or through the action of centrifugal force. Engaging the supercharger 
or changing from a lower to a higher gear is generally effected by hand as soon 
as the necessary supercharge pressure or the prescribed power can no longer 
be maintained. Individual aero engines (2) have already been fitted with multi- 
speed gear superchargers. Although for the time being automatic clutch engage- 
ment has not been adopted, it will no doubt follow in future development. 
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Characteristic curves of a centrifugal supercharger. 


Efforts are being made, however, to develop an infinitely variable gear in place 
of the multi-speed gear for the supercharger. Many papers have been presented 
on this subject which were based partly on friction gears and partly on hydraulic 
installations. Thus, for example, the Junkers Co. have already fitted the aero 
engine Gt 4 with an infinitely variable supercharger transmission (3) which, how- 
ever, was abandoned. Foreign patents also show the active interest in the 
development of the infinitely variable speed control of superchargers. By 
adopting infinitely variable speed regulation of superchargers the problem of 
pressure control is easily solved, since in this case the pressure regulator can 
be dispensed with completely. It also eliminates the consideration of choice 
between intake or delivery side control of supercharger pressure (4). The 
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advantage of delivery side control is based primarily on constructional reasons. 
The dimensions of the throttle become less, an advantage in its operation 
by means of the automatic boost control. Since the depression subsisting 
at the blower intake only represents the air velocity through the intake area— 
in utilising static head fully this can even result in actual pressure—this means 
a control which does not involve the difficulties arising in ensuring oil sealed 
supercharger shafts. This signifies great simplification in the construction for 
sealing which even at high supercharger pressures can be ensured with the 
simplest torm of labyrinth. 

With proper supercharger design and a corresponding continuously favourable 
characteristic curve (only slight curvature in relation to r.p.m., wide extent of 
maximum efficiency) it is possible to avoid unfavourable effects in operation. 
Taking for example the characteristic curve (5) shown in Fig. 14, the inscribed 
points (V) rated altitude (},) intake at ground altitude and (B,) delivery condi- 
tion, determine control of the blower pressure. 

The point of operation is purposely not placed at rated altitude, but at ground 
altitude with intake control, within the range of most favourable supercharger 
eficiency and maximum adiabatic pressure, since these conditions are the most 
favourable tor intake control. Further, a rated altitude of 4 km. (13,000 ft.) is 
assumed. According to practical flight tests there is a difference of approxi- 
mately 10 per cent. in the weight of air handled by the blower, so that at the 
point of operation N approximately 1.48 kg./s. (3.26 Ib./sec.) at B, and By 
1.35 kg./s. (3-0 Ib./sec.) of intake air may be expected. Table II] shows super- 

rger power per kg./sec. of intake air for Bg at various adiabatic efficiencies :— 


TABLE III. 


60 % 05% 68 % 
N (h.p./lb.) PS/kg. ... 150 (68) 172 (78) 159 (72 150 (68) 
AN (h.p./lb.) PS/kg. .. — 22 (10) 9 (4) 


In this case as soon as adiabatic efficiency at point By (delivery side control) 
attains 68 per cent. the relationship between supercharger power demand and 
supercharge air temperature rise attains an equivalent value to that obtaining 
with intake side control. 

In comparing delivery and intake control it is not correct to take ground level 
datum as the origin for intake control and use the same datum point for delivery 
control. .\ supercharger to suit an engine is entirely incorrectly proportioned 
if its air handling capacity is so great that ground level datum in delivery control 
coincides with that obtaining in intake control. On the contrary, for a given 
engine and supercharger design the basis should be the rated altitude according 
to the duty intended. Without precise knowledge of the characteristic curves 
it is not possible to state definitely which type of control is the more economical. 
As is shown in the example, with proper supercharger design it is possible to 
ensure without difficulty even with delivery control that no greater loss of power 
occurs than with intake control at ground altitude. The operating characteristic 
at ground altitude can be selected, in a two-speed blower operating in low gear, 
such that delivery control will always ensure operation within the favourable 
eficiency range, so that in general an advantage can thereby be obtained over 
the system of intake control. 


SUMMARY. 


The limits of single stage compression in centrifugal superchargers are deter- 
mined in general in present day development by five factors :— 
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1. By the impellor material, the elastic limit of which is, however, so great 
that even with the highest peripheral velocities used to-day no permanent deforima- 
tion occurs. 

2. By streamlining which, by means of constructional design (double shrouded 
impellors, special impellor intake sections, guide vanes) reduces losses to a 
minimum. Whereby it is found that the most favourable adiabatic efhciencies 
are always obtained at peripheral velocities of about 200 to 260 m./s. ((056- 
8so f{t./sec.). While in this range of peripheral velocities efficiency can be 
increased beyond 8o per cent. yel, in practical operation hitherto, that is at 


peripheral velocities of approximately 350-400 m./s. (1,150-1,300 ft./sec.), efh- 
ciency will scarcely exceed 70-75 per cent. Consequently the rated altitude 
attainable with single stage supercharging and permissible air temperatures ot 
approximately 80°C. at the engine intake will be limited to about 6-7 km, 
(19,700-23,000 ft.) flight altitude. 

3. By construction. The construction of double shrouded impellors by means 


of which exceptionally high supercharger efficiency is attainable involve prohibi- 
tive constructional technique and cost for series production. 

4. By the bearings. With increasing r.p.m. of the supercharger difhiculties 
with plain or anti-friction bearings increase rapidly. Practical experience has 
shown that even with anti-friction bearings the rotational speed must not exceed 
27,0C0O tO 30,000 r.p.m. 

5. By the drive. With increasing r.p.m. the ratio of compression two-speed 
or multi-speed gears have been developed which, naturally, involve great difficulty 
on account of the increased power to be transmitted by them. In view of the 
high take-off power required, however, variable speed gears are absolutely neces- 
sary. Infinitely variable rotational speed control is the ideal to be aimed at, by 
which means the control of supercharge pressure can definitely be ensured. 


REFERENCES. 
1) Tests were carried out by the D.V.L. on ball and roller bearings under a wide range 


of load conditions and using various oils. See also ATZ., 1938, p. 268, Fig. 12 
(von der Null). 


(2) ‘‘ Luftwissen,’’ 1938, Vol. 5, No. 1, p. 22, Fig. 4. 
(3) ‘‘ Die Luftwacht,’’ May, 1935, No. 5, pp. 169-171. 


(4) See von der Null, ATZ., 1938, p. 285. 
(5) Compare also Fig. 11, p. 286, ATZ., 1938, No. 11 (von der Null). 
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Dr. .\. Jexnxy: THe Axopic OxtpatTion OF ALUMINIUM AND ITS ALLOYS. 


Translated by Winifred Lewis, B.Sc. London, 1940. Published by 
Charles Grifin and Co., Ltd. 231 pp., with 107 illustrations and 36 tables. 
Price 16/-. 

Anodic oxidation as an effective protection against the corrosion of light alloys 
based on aluminium is extensively used in the aircraft industry, in spite of the 
competition of pure-aluminium-coated alloys and of corrosion-resistant aluminium- 
magnesium alloys. Hence this monograph, compiled by a former leading research 
scientist of the German Siemens and Halske firm (a leading authority on the 
subject. of anodising) and ably translated by a collaborator of the British 
Aluminium Co., will be of direct importance for the aeronautical engineer. As, 
fortunately, the book is not written for the electro-chemical scientist but for ihe 
practical engineer, it can be safely recommended to everybody who takes an 
interest in the technique of protective treatments by means of electrolysis. 
Electro-plating or metallic deposits on light metal, however, is omitted, not being 
directly related to the subject. 

While in England, the Bengough-Stuart process using chromic acid is preferred, 
the book describes the German Eloxal processes employing sulphuric or oxalic 
acid, and stresses their importance. 

The general part of the treatise deals with the fundamentals of electro- 
chemistry, especially the behaviour of aluminium and its alloys. 

The detailed part refers to the properties of aluminium oxide films, chemical 
processes during electrolysis, supervision of the bath, influence of material con- 
stitution and shape, commercial anodising processes, suitable methods for Eloxal 
processes and, finally, to chemical surface treatment processes. An appendix 
enumerates chronologically the British patents relating to anodic oxidation. 


BritisH STANDARD GLOSSARY OF AERONAUTICAL TERMS. 


(Provisional Edition for War-time Use). British Standards Institution, 
London. 7s. 6d. net, 8s. post free. 

In the early days of aviation, in the year 1g0g when flying had its peace-time 
thrills and the military uses of the aeroplane were but dimly hinted at, the Roval 
Aeronautical Society, greatly daring, appointed a Technical Terms Committee to 
prepare a preliminary list of words peculiar to aeronautics. 

The first list appeared in 1910 and a revised and extended one in 1914. In 
1418 the first Glossary as such was published. Two years later, at the request 
of the Society, the British Standards Institution took over the responsibility, and 
a fresh Glossary was published in 1923 and another ten vears later. 

The present Glossary is a revision, with additions, of the 1933 edition. The 
revision was practically completed by the outbreak of war, but had not received 
the final approval of the Nomenclature Committee. Wisely, however, the British 
Standards Institution have decided to publish this provisional edition for war-time 
use, 

One could criticise many terms used in aviation and still more the definitions, 
but there is this to be said for any glossary, it is an attempt to co-ordinate terms 
ona definite basis and is therefore at least one step forward from the haphazard 
use of coined words. 
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The B.S.1. glossary is by far the best glossary of aeronautical terms publishe 
and a close study of it by writers on the technical side of aviation can only 
result in the clarification of papers. : 

A considerable number of new terms have been added, definitions tightened 
up, and terms transferred to their more appropriate sections or headings. The 
definition of aerodynamics, for example, now appears under the more general 
heading of Mechanics and Fluids, where also appears Hydrodynamics, which 


was not defined in the 1933 edition. Terms as flattening out, approach glide, 
recovery, and tail heaviness are new in the section on Manoeuvres in the Air, 
In aerodynamics the following are new: Aerodynamic centre, cooling drag, 


pressure drag, damping moment, no-lift direction, twist (aerodynamic), directional 
instability, equivalent airspeed, position error, subsonic and supersonic speed, 
high-speed wind tunnel, vertical wind tunnel and aero-elasticity. Every section, 
indeed, has its additions and revisions in the light of the progress made in the 
past seven years. Stressed skin construction, for example, appears tor the first 
time, various types of flaps, international altitude, octane number, Dover con- 
trol, axial flow supercharger and a new section on radial rotors, dealing with 
rotary wing aircraft. A de-icer was unknown in the 1933 edition, but now 
appears. 

The Committee have done their work well and have rigidly excluded terms 
which have not yet been universally accepted, although widely used. The 
glossary of Aeronautical Terms is an invaluable and necessary work on aero- 
nautical shelves. 
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WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS. 


MONTHLY NOTICES, 
NOVEMBER, 1940. 
Office Hours. 

The offices of the Society will be open from 9.30 a.m. to one hour before 
black out until further notice. During daylight air raids the Society’s offices 
are open, but in view of the difficulties involved in certain directions the offices 
will not be open on Saturdays until further notice. 

Arrangements have been made for members of the staff to stay on the premises 
and in case of urgency someone will be available after the earlier closing hours. 


Society’s Emergency Address. 


It should be made clear that although the Society has published from time to 
time in the Journal its emergency address and telephone number (which can be 
used at any time alternatively with those of the Society), the Society functions, 
and has functioned from the beginning of the war, from No. 4, Hamilton Place, 
W.1. It will continue to function from London as far as possible, even though 
some of the staff may have to be moved, others will continue in London itself. 
It is obvious that events may make things difficult and cause a certain amount 
of delay, and members are asked to bear these events in mind. 

The emergency address is— 

Brook House, © 
Old School Lane, 
Brockham, Surrey. 
Telephone: Betchworth 189. 


Associate Fellowship Examinations. 

The next Associate Fellowship examinations will be held in the offices of the 
Society on the mornings of December 1oth, 11th and 12th, 1940. The Library 
will be closed on those days. Full particulars will be sent to each candidate. 
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ON THE CALCULATION OF THE BOUNDARY LAYER.* 
By L. Gottingen. 


From Zeitschrift fir angewandte Mathematik und Mechanik, 
Vol. 18 (1938), No. 1, pp. 77-82. 
(Translated by L. J. GoopDLeEr.) 


1. THE PROBLEM. 

The field of viscosity forces in fluid currents of low viscosity—i.e., high 
Reynolds number—is frequently confined to a narrow zone in the vicinity of 
the surface; consequently, calculation can be simplified by the following 
assumptions :— 

1. In the friction zone, customarily called the ‘* boundary layer,’’ only the 
most effective components of the viscosity force uAw, are considered—e.q., for 
the x component of this force, wAu (calling the direction of main flow parallel 
to the surface, the x direction, and that perpendicular thereto the y direction) 
the expressions p (0°u/Ox?) and (0?u/dz7) can be neglected for p (0?u /dy?). 

2. Outside the boundary layer, the. flow may be assumed frictionless, and in 
view of the small extent of the boundary layer perpendicular to the surface, the 
pressure therein may be assumed equal to the pressure exercised on the surface 
by a frictionless flow.'| The small pressure variation in the boundary layer, 
proportionate to the distance from the surface, may be disregarded, and the 
pressure considered a given function of the fundamental co-ordinates (r and z). 

or the ** boundary layer thickness ’’ 6, at a mean velocity of external flow 
u,, and a swept length /, calculation furnishes the expression 

l (v Re, 
wherein v=p/p=kinetic viscosity. 

lor the case of a two-dimensional flow, wherein x is the arc-length along the 
flow, and y the vertical distance from the surface, the following equations are 
obtained :— 


Ou/ot + u (du /dx) + v (Ou oy) +(1/p) (dp da)=v oy”) 
Ou + Ov oy =O (2) 
Ihe case of a stationary flow (Ouv/0f)=o presents more interest. A fairly 


ample bibliography already exists on this problem.? One important question, 
however, remains to be discussed: The development of a certain velocity profile 
ata certain pressure gradient. This, therefore, is the only aspect of the problem 
which will now be dealt with. It may be expressed mathematically as follows :— 


* Published by permission of the Ministry of Aircraft Production (R.T.P.). 
' Or, more exactly, by a frictionless flow along a surface increased in thickness by the 
displacement ”’ 


=(1/u,)} (u,—u) dy 


* Summary accounts can be found in Tollmien’s report in ‘‘ Handbuch der Experimental- 
physik,’’ Vol. IV, 1, p. 241, also, L. Howarth, ‘‘ Technical Report of the Aeron. 
Research Committee ’’ for 1934, Vol. I, p. 320 (1936). An instructive introduction 
to the author’s paper in Durand, ‘‘ Aerodynamic Theory,’’ Vol. III, pp. 80-119. 
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‘ Given a velocity profile u (a, y) of an ‘ initial section ’ r=a,, and the expressi 
(1/p) (dp dx)=vf (x) for = —required, u (a, y) for x > a,."’ 


2. PROPERTIES OF STATIONARY FLOW IN THE BOUNDARY LAYER. 

Existing solutions contribute nothing to this problem, as they only conta 
exponential expansions of an initial section ’? by with w=o, or uw=const. 
i.c., for the case of flow directed on a point of impact, or on an edge of z 
edge angle. However, it may be claimed that—disregarding the case ol 
separation of the flow—the existence of a solution may be considered ** physical! 
evident,’’ since a flow created in the boundary laver by some preceding influence, 
must necessarily develop further, unless separation takes place. The following 
mathematical solution of the problem is available—known to the author already 
at the time of first publication at the Mathematical Congress in Heidelberg, in 
1904.° 

Following Eq. (2), the expression u (Ou /d2)+v (Ou /dy) in Eq. (1) can also be 
expressed as v (Ou /dy)—u (Ov Oy)= — (0/dy) (v/u), in which case the equation 


(f dy+o (xr). Z (3) 
is obtained; v u being the inclination of the line of flow to the a-axis. If this 
axis is in the surface itself, then v/uw=o for y=y,; U.e., ¢(a)=0. Asa corollary, 
it will be evident that Eq. (3) also covers the case of a (slightly) curved surface 
not coinciding with the a-axis, in which case the expression 

x 
dy,/dx=(v/U)y-yo=o leads to y, (1) =] (x) dx 


x 


as the equation for the surface. The same corollary may be stated as follows : 
If wu (x, y) is a root of the system (1), (2), then u (a, y—y,(«)), is one also. The 
proof can also be obtained from the system (1), (2) itself. 

In the present case, however, the value of (3) is that it enables dv/dy, and 
thence Ou /dx, to be obtained by Eq. (2). Then, if @ (7)=0, the expression 


Ou (d dy) (1 u?)—f (x) /dy?) dy | (4) 


is obtained, the right side whereof comprises only differentiation and integration 
by y, and is thus ultimately calculable for the initial profile w=w (a, y). The 
equation furnishes the value of du/Ox for this profile, and thus the possibility 
of expansion by if du is limited. For r,+A7, a new value of is obtained 
by 

u(x. y) + (du /dx) (x,, y) Ag. 


The process can be repeated for this new profile, giving wu (7+ 2A, y), and so 


forth. The existence of a solution is thus proved for any range wherein 1 
remains positive, but it is easily seen that the method must fail if w passes 
through zero. In such case, the integrand is quadratic in infinity. But 1 


becomes zero along the surface, j.e., when @(2)=o along the a-axis, owing to 
adhesion of the fluid on the surface. In this case, however, solution is facilitated 


In the text of the paper (Trans. Int. Math. Congress, Leipzig, 1905—cf. also, reprint cf 
Prandtl-Betz: Four contributions to Hydrodynamics and Aerodynamics, Gottingen, 


1927, pp. 487 and 4) after quoting the above Eq. (1) and (2), it says: ‘‘ Let dp/dx 
be given with certainty, as well as the development of uw for the initial section 


then any such problem can be numerically evaluated, the appropriate Qu/Qx being 
obtained by successively squaring all values of uw; then, with the help of any known 
approximation formula, successive steps can be effected in the X—direction. It 1s 
true that a difficulty is presented by sundry singularities occurring at the fixed 


margin.’ 


ne 
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by v simultaneously becoming quadratic at zero.t| However, an inspection of 
Eq. 3 shows that the function of v/u can only be regular if the integrand is 
everywhere finite, which implies that along the surface, the term f (x)—07u /dy? 
should disappear squared, i.¢e., that the expressions (07u/Oy*)x-so=f (x) and 
(0°u /Oy*)x-x9=0 apply. Computation of the limit then furnishes the expression 

whereupon, following Eq. (4) the limit of (1/y) (Ou /Oxr) becomes 

+v (O'u/dyt)/(OU/OY)x-xo if w=a,, and y=o, which leads to the following 
conclusions. 

1. The second and third differential quotients must not be arbitrary if y=o, 
but must equal f (w,) and o respectively. 

2. For y=o, the fourth differential quotient is determinant for the develop- 
ment of the profile. 

Passing to the second step, the initial profile thereof wu y) + Ax 
already contains the terms *u/dy'. Further inspection of the limit leads to 
the conclusion that the fifth and sixth differential quotients are already ‘‘ bound ”’ 
and the completion of the second step of the development in the vicinity of the 
surface, if y=o, is dependent on the seventh differential quotient of the initial 
profile! It may well be asked how the seventh differential quotient of a given 
tabular function is to be determined, especially at the end of the table of functions. 
And even then, only two steps of the development have been completed ! 

Consider further, the Bindungen Bonds,”’’ (.c., limiting relationship 
between the steps in development). It will be seen from Eq. (3) or (4), that 
infringement of these conditions leads to solutions having a singularity at 2=a, 
and y=o. 

Two questions arise :— 

1. To explain the peculiar behaviour of the system of Eg. (1), (2 
where w=o. 


at points 


2. The nature of the singularities occurring in a regular initial profile 
infringing the bonds.”’ 


3. COURSE OF THE SOLUTION AT u = O. 


It should first be said that the Navier-Stokes equations are of the nature of 
bi-harmonic equations (AAF=o) and the solutions will therefore always be 
analytical within the area. However, the assumed omissions in the boundary 
layer, introduce certain characteristic variations. Eq. (3) already shows charac- 
teristics (viz., lines parallel to the y-axis) exhibiting discontinuities with dis- 
continuity of f(a) and @ (x), therefore indicating parabolic properties. By means 
of a contact transformation introducing the function of flow v as an independent 
variable,®? the matter becomes still clearer. The introduction of »=0dv/dy, and 


4 Together with u, du/dx is also=O0, for y=0; but 
v=|0u/ dy, on account of Eq. (2). 


° In the spring of 1914 I occupied myself with the flow through narrow channels of slender 
section, and when applying the usual boundary layer equations, encountered diffi- 
culties in the formulation of the boundary conditions, w=v=0, at the second margin. 
I attempted then to introduce the function of flow as an independant variable, as 
both margins could then be expressed simply as Y=0, and Y=Q=const. Eq. (5) was 
rediscovered by Herr v. Mises, and reported at the Kissinger meeting of the 
Gesellsch. fur angew. Math. und Mech., in the autumn of 1927—see this journal 
Vol. 7 (1927), p. 428. As I had not yet disclosed my method, the “ priority ’’ in 
the customary sense, belongs to Herr v. Mises. See further my comment on 

v. Mises’ paper in this journal, Vol. 8 (1928), p. 249, etc., particularly Sec. 2, p. 250. 
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y=0uv/dx, identically fulfils the conditions of Eq. (2), introducing new co-ordinates 
€, 9 into Eq. (1), in lieu of x and y, and making €=., and 7=y, we have 
du /Ox = (OU d€) (OE dx) + (Ou (ON = Ou - v (Ou /Oy), 
du = (du /dE) . (DE/dy) + (OU /Oy) (On /Dy) =O+ (OU/ OY), 


and Eq. 1 becomes 
udu /OE + p) (dp /d€)=vu (0/dy) (udu; WwW). 
Introducing therein the ‘* total pressure’? y=p+pu?/2 (disregarding the dis- 
appearing value pv?/2), and restoring x for €, with vp=y, then the equation 
is obtained, wherein again, u= ¥ { 2(g—p(a))/p}.- This is a differential equa- 
tion very similar to the equation of heat conductance (if Y is substituted for the 
bar length, and x for the time factor), thus parabolic in character, and known 
to possess a favourable development with analytical fading of the temperature 
variables, etc. (increasing time factors), but also an unfavourable development 
with occurrence of singularities (extrapolation to conditions precedent in time to 
the specified initial distribution).° The development of Eq. (5), similarly to the 
development of heat conductance, is favourable for increasing values of x while 
wu remains positive. Where it is temporarily negative, as at the point of separa- 
tion, the ‘* unfavourable *’ condition commences. In a_ physical sense, this 
merely implies that in the vicinity of the surface behind the point of detachment, 
the fluid flow is in the direction from greater to less values of x, the velocity 
field therefore depending on the conditions obtaining at the higher values of «. 
Therefore, even in the most favourable case, determination of the velocity field 
for lower values of « becomes a matter of guesswork. Determination of the 
flow development behind the ** point of separation,’’ to agree with observations, 
can only be effected by calculation if the pressure field—the function f (a#)—in 
this range, is not chosen arbitrarily, but carefully adapted to the desired results. 
As regards the behaviour of the boundary layer along the surface itself within 
the *‘ normal range’’ (wv >o for y > 0), it may be said that the analytical 
development of wu into the region of negative values of y, gives negative values 
of u when u/dy is assumed positive at y=o. 
The tendency of the solution to singularity along the surface is thus explained 
through ’’ the surface, leads into an 


by the fact that analytical expansion 
unfavourable *’ region! To the extent that exponential series on y are available 

for single solutions, extrapolation is possible. Within negative values for y, a 

great increase in functional values, i.c., y can be observed. 


4. SOLUTION FOR THE CASE OF INFRINGEMENT OF THE ** Bonps.”’ 

For a long time, the author has been fruitlessly proposing an investigation 
of the second problem set in Sec. 2, as a subject for doctoral theses. Ultimately, 
Dr. S. Goldstein, of Cambridge, England, when on a scientific visit to the author 
in 1929, concerned himself with it, and conducted an exhaustive investigation. 
It was found that any initial profile developed into an exponential series on y, 
gave solutions for dp /dz as integral functions of «—«,, which gave an exponential 
series on (x— 7,)'. The exponential indices are simultaneously functions of 
y//(x—a,) definable by differential equations in the third power.? For our 
purposes, however, this solution does not yet appear applicable. Even if 
developed further, little would be gained, since 3n functions would need com- 
putation for attaining the nth power of x—.2,, entailing increasing labour for 
computation with each power of ¥/(r—72,). 
®° “What should have been the distribution in the preceding minute (or hour) to produce 

oa irregular temperature distribution.’’ Evidently, the problem is frequently 


Details can be found in Goldstein’s work: ‘‘ Concerning some solutions of the boundary 
layer equations in hydrodynamics,’’ Proc. Cambr. Philos. Sec., Vol. 261, 1930, p. 1. 
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Goldstein worked with three terms and already required very complex expan- 
sions to link up with the pre-determined values of the functions. Even so, he 
only arrived at the linear term; development by Aw must therefore be kept very 
small if prohibitive errors are to be avoided. The new profile would again have 
to be computed as an exponential series on y, to obtain the next step. The 
calculation thus becomes extremely laborious, and hardly profitable. 

Consequently, it would be most desirable to be able to use integral exponents 
of x. The prospects of finding a practicable solution are improved by the 
following consideration: It is obvious that, confining the development to a solu- 
tion already obtained by some alternative method for a pressure gradient of 
perfect regularity, a strict computation of the precedent step implies fulfilment 
of all ‘‘ bonds ’’ in the final profile serving as initial profile for the next step. 
Actually, this is not quite correct; either the expansion of the series on x will 
have been interrupted at a comparatively low term, or other numerical inexacti- 
tudes will have been introduced. Therefore, it will usually only be possible to 
maintain fulfilment of the ‘* bond ’’ conditions, by slight variations of the initial 
profile, before proceeding to the development by integral exponents of . 


The influence of the errors made in thus *‘' adjusting *’ the profile, requires 
examination. The variations from the exact, unknown profile, may be taken 
as accompanying the exact curve with alternatively positive and negative values. 
The theory of heat conductance indicates that such fluctuations of small amplitude 
tend to fade with comparative rapidity. Consequently, only the vicinity of u=o 
will require examination. The case of a small oscillatory disturbance, ¢, has 
therefore been assumed superposed on a velocity profile of the simple form 
u=ay. It « be assumed of the form ¢=/a.@gy, it is evident from the system 
(1), (2), that after conversion into linear terms, f(7)=e7*. Then, for @ (y), the 
differential equation 

(y) (y) =o, 
applies, which can be solved* by 
\ 


of these terms, however, only A fulfils the limiting conditions of » (y)=o, and 
@” (y)=ec, the physically possible solution being thus confined to this member. 
Expansion by powers of y, furnishes one term with y, a further term with y*, 
another with y7, etc., corresponding to the ‘t bonds ”’ for the case of f (x)=o. 
Otherwise, the function oscillates with increasing value of y, with diminishing 
wave-length and amplitude.’ This behaviour of the root in the special case 
examined, proves that any small errors of (Ow OY)y-o, If present, occasion no 
errors in the velocity profile used for development of the solution, exceeding 
their own magnitude, while (dw /Oy),-, remains positive. 


5. [Tue New Mernop. 


For a clear survey of the new method, let the ‘* bonds *’ be more nearly 
investigated by an expansion of u after powers of y introduced into the system 


(1), (2), and the coefficients compared. Assuming 
..., 
Wherein x, .. . 7, are functions of 2, and indicating differentiation by «2 by means 


of dashes (2/,, etc.), let (1/p) (dp dir)=vf (xr). The following relations can now 


I am obliged to my collaborator, Dr. H. Gortler, for this solution. He has also sup- 
plied proof that a solution of f=e+e*, satisfying the boundary conditions, does not 
exist. 

rhe asy mptotic formula for J/+1/3 furnishes a wave length \ proportionate to 1//y 

and a fading constant a=v/ {ay . (A2z)*}. 


he 

mn 
ire 
‘nt 

ne 
ile 

a- 

ity 

‘Id 
he 
1S, 
in 
ts. 
iin 
al 
1es 
ed 
an 

yle 

a 
on 
ly, 

ial 

ol 
yur 

if 
m- 
for 
tls 

iry 

1. 


800 L. PRANDTL. 


be determined in succession, replacing each value of x, for which n> 1, by its 
value given several lines higher :— 


z, (arbitrary). =f (determinate). =o (determinate). 
4,=(1/v) (arbitrary). 4, =(2/v) x,f’ (determinate 
x, =(2/v) ff’ (determinate). 2, =(1/v?) (42,72, —2,2,7) (arbitrary). 


“6 
Interrupting expansion at this point, the three arbitrary values of z,, %,, %,, can 
be obtained from three linear equations commencing at the values of wu corre- 
sponding to the three determinate values of y. the first to seventh powers thereot 
having been previously computed, and re-used at each step. The substitution 
of x, in x, produces z’,, , and 2/, in x,, produces x",. In the same manner 


z',=(1/v) can be computed. 


of x 


A further improvement can be introduced by subsequently computing the terms 
of the eighth and ninth powers for the three values of y, by means of the equations 
1, =(1/v?) [10 2,7f"—13 2,2/,f'+9 (2,2",4+2',") f] 
and 

=(1/v?) [gox, ff" —162,f"], 

and thereupon again computing z,, z,, and z, from the given values of wu, i 
necessary repeating this by iteration. .\ special investigation is now opportune, 
of the suitable selection of the three values for y. The calculation could be 
arranged so as to furnish a first approximation of z, by an ordinate y,; thereupon 
obtaining x, and a second approximation of z,, by y, and y,, and finally obtaining 
z;, a second approximation of x,, and a third approximation of z,, from three 
values of y. Herein, the second step can be produced straight to z,, and the 
third step to z,, each time introducing the previously obtained approximation 
for x, or x, into the higher term. 

In numerical calculations it will be advisable to employ dimensionless co- 
ordinates in the usual way, substituting (X=. 1, for v 

This method does not give x’, and development is therefore impossible without 
linking to some other method furnishing the development of the velocity profile 
within the fluid. However, this is possible by Eq. (4) or (5), the latter being 
possibly preferable as only needing to be supplemented by a_ transposition 
between y and wv. 

Assuming 


y=o (x) + 


and substituting therein 

(modified, if necessary, by analogy to the Runge-Kutta method) the value of y 
applicable for any values of Y or u, can be determined with the exception of the 
unknown term @ (7r,+ Ax). This is an indication of parallel displacement of 
the velocity profile, and can be approximated by continuously linking this profile 
with the profile in the vicinity of the profile determined by some alternative 
method. The two profiles should overlap sufficiently to assist in determination 
of the coefficient z, for the next stage. Conversely, this linking is important 
for progress in the interior of the area, as when computing 0°y/O¥? numerically, 
a certain loss in breadth will always occur in the marginal zone, if the develop- 
ment of y in the margin is not included. 

Of course, the reverse transposition from r+ Aa to a,, in the zone adjacent 
to the surface, can subsequently be made by the previous method, deriving a 
second approximation from the fluctuations—possibly also by four reciprocal 
stages, to bring the error down to the fifth approximation, as in the Runge-Kutta 
method; this also permitting the adoption of greater steps of Av. 
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Even so, the method is not exactly simple, but it gives very reliable results. 
A practical test has yet to be made, and will soon be undertaken by the Kaiser- 
Wilhelm Institute for Flow Research. Progress can be extended to the point 
of separation, or even somewhat beyond. Conditions at the separation point 
indicate that 1, assumes the aspect of 0/0 at that point, 2, becoming zero simul- 
taneously with z,. However, it is also possible to extrapolate x’, and x/,, then 
becoming =zx',?/v, to the same point. From the point of separation, x=~27,, 
it will be possible to progress by exponential expansion after powers of x=. 
and y, the coefficients being obtained by continuous linking with the zone 1 << x 
selecting the development of f (2) of a nature to produce a wake zone. 


A 


A? 


SUMMARY. 

Solutions of hydrodynamic equations are examined in application to viscous 
fluids ** disregarding the boundary layer.’’ A method of calculation is suggested, 
for the case of an initial profile of the expression u (x,, y) and a pressure distribu- 
tion with the area, of the term p (7). 
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A COMPARISON OF VALVE MECHANISM (POPPET AND SLEEVE) AS 
REGARDS LIMITING VALUES OF COMPRESSION RATIO, MEAN 
EFFECTIVE PRESSURE AND SPECIFIC FUEL CONSUMPTION.* 


By Tu. Hoock. 


(Luftfahrtforschung, Vol. 16, No. 5, 20th May, 1939, . 276-282.) 
(Translated by M. FL inv.) 


The performance of large aero-engines is limited by the weight of the charge 
that can be inspired at the high speeds and by the tendency to knock, which 


is due chiefly to the hot exhaust valve. The performance can be considerably 
increased when a valve control system is employed, which offers small resist- 
ances and large passages for the gas flow. Besides this, the walls of the com- 


bustion chamber must be kept at a low and uniform temperature, in order to 
ensure freedom from knocking even with high compression, 

As tests show that the knock resistance and the piston pressure in engines 
with rotary valves are sensibly greater than in the same engines with poppet 
valves, measurement results are used in order to ascertain the possible limiting 
values obtainable for the compression ratio, the mean piston pressure and _ the 
specific fuel consumption of large aero-engines. 


CONTENTS. 

Introduction. 

II. How can the volumetric efficiency of poppet valve engines be improved ? 
Ill. How is the volumetric efficiency of rotary valve engines improved ? 

IV. Gas flow phenomena with the valve overlapping at the top dead centre. 
V. The limiting compression ratio valves. 

VI. Comparison of the piston pressures of different types of valve control. 
VII. = What limit in fuel consumption can be reached in rotary valve engines ? 


VIII. Bibliography. 


I. INTRODUCTION. 

The problem of exploring the possibilities of development in the valve control 
systems of large aero-engines and their limiting values continues to present 
considerable difficulties. 

The author can only attempt to indicate the possibilities as they are presented 
to him from the few available measurements on a new control system, since an 
exact experimental or mathematical comparison is not yet possible. 

It would be of little practical value, for example, to select all the valve 
mechanisms that appear to be most promising from the many existing patent 
specifications and include them in these investigations. 

It would appear to be more useful to restrict considerations to designs, which 
have also been realised, for which reliable experimental values are available and 
which have already proved their worth in some form in practice. 

Only such mechanisms therefore will be discussed, as have already reached 
such a stage of development, that they could be subjected to a final test (1). 
Designs for which no reliable measurements exist are not considered. 

Out of the valve systems selected there are only two for which it can be 
claimed that the improvement aimed at has been achieved, namely, the Burt 
sliding sleeve valve (2) and the Cross rotary valve (3). : 


* Published by permission of the Ministry of Aircraft Production (R.T.P.) 
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\ valve control which is intended to supersede or replace the standardised 
form of the poppet valve, that has been brought to a very high stage of develop- 
ment, must not only give a better filling at higher piston speeds, it must also 
have a form of combustion chamber less liable to knock, in order to be able 
to increase the compression, and the temperatures must be fully controllable. 
Further requirements concern mechanical simplicity with respect both to con- 
struction and operation. 


Il. How cAN THE VOLUMETRIC EFFICIENCY OF POPPET VALVE ENGINES BE 
IMPROVED ? 

The frictional resistances that must be overcome in the process of suction of 
the charge are greatest at the carburettor passage and at the valves, because 
here the cross-sections are smallest and the constrictions, the speeds of the 
gas flow and the eddying are greatest. 

A reduction of the resistances by enlarging the valve diameter is not practicable, 
and a limit also is set on the increase in the valve lift by the acceleration forces, 
particularly when the rev-speed is to be still further increased. 

The speed of the gas at the valves has therefore reached limiting values, beyond 
which there is a rapid drop in the piston pressure curve. 

It is not to be assumed that, by reducing the resistances in the suction of the 
air or mixture and in the expulsion of the burnt gases, the filling of aero- 
engines can be sensibly improved, now that the form of the gas leads, the 
form of the valves, the valve diameter and lift have been brought to an optimum 
value on the basis of many years of work by the engineers of all countries. 


The frictional resistances in the suction leads, of varying length, in in-line 


engines cause differences in the filling of the individual cylinders. They also 
cause the self-charge of the individual cylinders on varying the rev-speed to 
differ. As the temperature of the cylinder working with the poorest mixture 


determines the total performance of the engine, the injection of petrol into each 
cylinder enables the filling to be better distributed to all the cylinders and hence 
the performance to be increased. With petrol injection the resistances, which 
in the case of carburettor operation are produced through the high speed of the 
air at the passage cross-section and through the eddying at the choke, are also 
reduced. 

The necessary compromise between fuel consumption and valve timing again 
prohibits an increase in the volumetric efficiency. 

As the inflowing gas has to overcome the greatest resistances at the valves, 
some way of reducing them must be found in the further development. This 
possibility is presented by the systems of control which permit a free, unimpeded 
entry into and exit of the gases from the cylinder, e.g., the sliding sleeve, and 
the rotary valve. In these systems the gas column, on passing the valve 
apertures, no longer, as in the case of the fully opened poppet valve, meets with 
a high resistance, viz., the valve disc, around which it must flow with consider- 
able construction and eddying, but can flow through freely without resistance. 

The maximum weight of charge is reached when the mixture becomes heated 
in the suction choke only so far as to ensure that all the petrol droplets are still 
fully vaporised. When this temperature is exceeded through the heating of the 
fresh charge or through mixture with the hot residual gases, the volume increases 
and hence the weight of the charge and the useful pressure decreases. 


The mixture of the fresh with the residual gases causes the greatest increase 


in temperature. The compression ratio gives a rough indication as to what 
this would be. As the compression ratio in poppet valve engines can only be of 
the order of 6 to 7, much used gas still remains in the cylinder. With the 


suction the fresh charge becomes further heated through the admission pipe, 
the bends of the inlet valve, the valve guides, the valve shafts and discs, through 
the head, the very hot exhaust valves, the cylinder wall and the hot piston head. 
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There are two possibilities of increasing the weight of the charge, namcly, 
by reducing the residual gases, that is, by increasing the compression, or by the 
selection of a control which, as a consequence of the lower temperature in the 
combustion space, also heats the fresh charge less during the suction stroke and 
at the same time expels the residual gases as completely as possible and permits 
the highest compression. 

A slight increase in the compression is rendered possible, particularly in the 
case of air-cooled engines, by lowering the temperature in the combustion 
chamber. 

The greatest portion of the heat in air-cooled engines is removed by the 
heavily ribbed cylinder head, whilst the lower part of the cylinder acquires 
relatively lower temperatures and has a small share in the cooling effect. 

if the steel cylinder is replaced by an aluminium cylinder, an intensive flow of 
heat takes place from the cylinder head to the cylinder foot in the crankcase. 
The temperature level between head and cylinder is thus better balanced than 
in the case of the aluminium head with steel ‘cylinder. As the aluminium 
cylinder can have about three times the cross-section for the same weight and 
also the conductivity of aluminium is about three times that of steel, the thermal 
loading of the head is sensibly decreased. By this means the exhaust valves 
acquire a lower temperature and the temperature of the combustion chamber, 
which determines the compression limit, also becomes lower, so that ¢ can be 
increased. 

The amount by which the compression ratio in large, air-cooled aero-engines 
can be increased cannot be stated directly, because this depends on the ratio 
of the effective cooling area of the head to that of the steel cylinder. 

The employment of aluminium cylinders with pressed-in austenite steel liners 
has for some years proved effective in the construction of motor-cycle engines 
and has helped considerably to increase the performance. Here again the high 
temperature with the red-hot exhaust valve has set the limit on the increase 
in performance. The compression ratio of a 350 cub. cm. racing engine can, 
with the help of the aluminium cylinder, be increased to a value of ¢=8.3, when 
using a fuel consisting of 50 per cent. petrol, 50 per cent. benzole, octane number 


about 85. The output of such an engine is about 32 h.p. at m=7,000, it thus 
has a mean useful pressure pye=11.8 kg./em.?. This is a very notable achieve- 


ment for an engine without supercharger at a piston speed of about 20 m./sec. 

The construction with the steel liner in the aluminium cylinder, however, is not 
the best solution, because the heat must go through the liner and through the 
very narrow gap, left between liner and cyHnder, even with the smoothest 


surfaces. The conductivity of austenite steel, however, is only about 4+ to 
of that of cast iron. The heat flow through the lining is therefore bad and 


the removal of the piston heat through the rings is also restricted. 

A better solution is presented by the Cross aluminium cylinder, without liner. 
Here the hardened piston rings run direct in the boring of the aluminium 
cylinder, whilst the aluminium piston is centrally guided through the piston 
rings, above and below, so that the piston and the cylinder liner surface do not 
touch each other. For a description of this design, see Motorkritik, 1936, No. 4. 

Tests on a British air-cooled motor-cycle engine showed a reduction of 40° 
in temperature at the head. 

Check tests carried out in Germany on a 400 cub. cm. engine in’ which 
the cast cylinder was replaced by an aluminium liner-less cylinder, in spite of the 
gap separating the two, hence with a bad heat transmission, showed that the 
compression ratio could be increased almost a whole unit from ¢=5.6 to 6.5. 
The temperatures of valve and piston, owing to the higher thermal efficiency 
and the larger thermal gradient from the combustion chamber radially through 
the aluminium cylinder to the cooling air, were lower than with the cast cylinder, 
as was Clearly manifest from the appearance of these parts in continuous oper- 
ation. 
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The better the contact between head and cylinder the more intensive is the 
temperature equalisation between the two. The optimum value is reached when 
the cylinder head and cylinder are cast in one piece in a suitable aluminium 
alloy. 

As the tests with the Cross aluminium cylinder have produced notable results 
in small engines, it would be worth while to determine, by exact comparative 
measurements, what the advantages obtainable with a larger single cylinder 
would be. 

A relatively simple solution would thus be obtained for air-cooled poppet valve 
engines for increasing to some extent the compression and the output, reducing 
the fuel consumption and increasing the periods between overhauls. 

An increase in the useful pressure through a further increase in the com- 
pression with the aid of an aluminium cylinder is impossible owing to the high 
temperatures of the exhaust valves. 

The ideal undoubtedly is the combustion chamber where all the surfaces have 
the same temperature. Thus if a way were found of reducing the temperature 
of the exhaust valves to about 300° the compression ratio could then be con- 
siderably increased. 

Experiments with Cross rotary valve engine (3), in which this ideal condition 
is almost realised, have shown that it is possible, with a compression ratio 
e=1:11 and over, to operate continuously without knocking with a mixture 
with 85 octane. petrol. The temperature of the surfaces enclosing the com- 
bustion space must have been very low, because the control organ was able 
continuously to maintain its thin film of lubricant, without burning or carbonising. 
The experiments were carried out on small, air-cooled units, which in practical 
operation are only intermittently loaded. To determine the limit values of the 
compression ratio, volumetric ‘efficiency, useful pressure, r.p.m., temperature 
and fuel consumption in large, air-cooled units, special tests would have to be 
made. 

In the case of liquid cooling, the control of the temperature to safeguard the 
lubrication of the control organ is much easier, so that the maintenance of the 
maximum temperature of about 180° for the lubricated surfaces is easily possible, 
as tests on water-cooled car engines have already shown. 

A further increase in the charge weight is thus only possible by using a control 
system which has a cooler combustion chamber. This, however, means a com- 
plete abandonment of poppet valve control. 


Ill. How is THE VOLUMETRIC EFFICIENCY OF THE RoTaRy VALVE ENGINE 
IMPROVED ? 

As this type of control is only as yet in the earliest stage of development, no 
experimental results are available, so that exact Comparisons cannot be made. 

It is, therefore, possible only to indicate the manner of the flow of the gases 
in the Cross rotary valve system and the advantages afforded. For this con- 
sideration may be restricted to the paths of the gases in the rotary valve and 
compression space, as the delivery and exhaust leads remain the same as in 
the poppet valve system (Fig. 1). 

The fresh gas flows through a wide elbow centrally into the rotary valve, 
meeting the driving shaft running centrally with the valve and the transverse 
arm of streamlined cross-section. The cross-section of the passage at this 
position can be selected always on such an ample scale that only a small loss 
is entailed through eddying. 

The fresh gas then reaches a second bend, the separating wall in the rotary 
valve with smooth surface and without projections. This surface has been heated 
by the exhaust gases to about 200° and now serves for the vaporisation of the 
mixture. 

The pressure loss from the suction elbow to the entry into the opening of the 
cylinder will correspond roughly to the loss in the valve cup. 
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The frictional resistance in the passage through the large, smooth cas 
aperture in the cylinder is reduced to an absolute minimum. The shape of the 
compression space can be of the most favourable nozzle form. 

In the intermediate valve positions the gas will certainly eddy round the edves 
of the rotary valve (Fig. 3). The eddies, however, are held together through 
the narrow entry to the compression space. The surfaces swept by the gases 
are smaller than with the poppet valve and as the temperatures also are lowe 
the fresh gas also is less heated. 

Owing to the central inflow the eddying is less than with the poppet valve and 
the gas absorbs less heat from the cylinder wall. The heating of the gas 
through the piston head is the same as with the poppet valve. 

With this control, therefore, the smallest increase in volume and the highest 
charge weight are obtained. 


a 


Fic. 1. 
In and outflow of the gases through the rectangular unconstricted 
cross-section of a retary valve 
Drehventil=rotary valve. Antrieb=drive. Kinlass =inlet 
O.T.=t.d.c. Kolben= piston. Auslass =exhaust! 


The burnt gases are ejected through the same opening with smooth surface 
and without eddying, so that the resistances also are small. The resistances 
which otherwise occur when the gases flow round the exhaust valve disc are 
entirely absent. 

The gases then meet the smooth separating wall in the rotary valve, are 
deflected g0° and flow without any constriction or eddying into the exhaust. 

Owing to the uniform rotary motion of the valve, opening and closing take 
place more rapidly and with larger cross-section than with the poppet valve 
system. 

The net sum of the resistances will thus be considerably smaller than with the 
poppet valve system. : 

The velocity of the gas in the cylinder opening is very small, because only 
one opening is required for entry and outlet. The enlargement of the tree, 
smooth cross-section to 25 per cent. to 30 per cent. of the piston area enables 
gas velocities of go to 48 m./s. to be obtained with a piston speed of 12 m./s. 
and 50 to 60 m./s. with 16 m./s. piston speed, which are considerably lower 
than with the poppet valve and with the Burt sleeve valve. 


IV. Gas FLow PHENOMENA WITH THE VALVE OVERLAPPING AT THE Top 
DEAD CENTRE. 
(a) Poppet Valve Control. 
The closing motion of the exhaust valve after the t.d.c. is utilised to accelerate 
the fresh charging process through the energy of the flow of the exhaust gases, 
in order to reduce the pump losses. 
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During the ejection of the gases, the latter flow in the direction u-a (Fig. 2). 
As the valve lift, determined by the form of the cam, is small in the neighbour- 
hood of the t.d.c. the resistances in the annular slot increase, so that the outflow 
of the gases is impeded. 

A\s soon as the inlet valve opens the fresh gas is accelerated and flows into the 
combustion chamber. Owing to the resistances at the inlet valve, however, the 
gas stream is not uniformly distributed round the valve disc, but takes the path 
of least resistance, namely, past the inner rim of the valve, and hence mainly 
in the direction b, the upper part of the combustion space being well scavenged. 

Part of the fresh gas flows round the outer side of the edge at b, tends towards 
the direction a, thereby scavenging the space below the inlet valve. The space 
below the outlet valve between a and «a is thus badly scavenged. 

A later closing of the outlet valve might result in better scavenging, but 
would also entail larger consumption. 

Meanwhile the piston has descended and seeks to inspire the gas at b. It 
does not succeed in doing this till it has produced sufficient negative pressure 
to overcome the motion of the gas in the direction b and to guide it into the 
combustion chamber. 

When the exhaust valve closes, the fresh gas flows further with powerful 
eddying over the very hot position of the head between the valves, past the glow- 
ing exhaust valve into the combustion space. 


Fire. 2. 


Gas flow ina poppet valve engine at the t.d.c., a and a, out-flowing 

in-flowing fresh gases, b fre sh Juses which 

escape into the erhaust with the valve overlap. 
A=erhaust. E=inlet. OF Std: 


restdual gases, b and b 


It may thus be seen that a large amount of residual gas remains in the large 
combustion space («=6 to 7), which causes deterioration of the filling and that 
owing to the pump loss the inspired charge is reduced. 

The curve for the pressure varying with the weight and the quality of the 
charge obtained for the poppet valve engine b is shown in Chap. VI. 

The gases, already greatly heated in the head, then follow the descending 
piston and sweep with powerful eddying along the cylinder wall, again eddying 
and becoming heated over the hot piston head. Probably as a result of this 
eddying a rotational motion of the gases also is enforced in the suction stroke 
which can only take place at the cost of pump energy. 


(b) The Cross Rotary Valve Control. 

Here the fresh gases are forced to take a path other than that followed in the 
case of the spherical combustion space in the poppet valve system. 

When the exhaust opening begins to close, the burnt gases flow in the direction 
a-a, (Fig. 3) with the exhaust. As soon as the inlet side opens, the fresh gases 
are accelerated by the exhaust gases, but do not sweep so easily as in the 
case of the poppet valves (Fig. 2) along the shortest path directly into the 
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exhaust, but, forced by the middle wall of the rotary valve, maintain their 
direction of motion and wash the left side of the combustion space at b to 
connect up then with the direction of motion of the exhaust gases a-a. 

Part of the fresh gases will also eddy round the edge of the middle wall, but 
the impelling gas column, with the best timings, can clear the small combustion 
space (e=11-5) almost completely of the residual gases by the time the exhaust 
opening has closed. In this the greater speed with which the rotary valve 
closes and opens and the more favourable timing cross-sections compared with 
the cam operation play a decisive part. 

This thorough scavenging of the residual gases gives a pure mixture and the 
optimum heat content of the charge. 


Kolben 
FIG. 3. 


Gas flow with rotary valve engine at t.d.c., a and a, out-flowing 

residual gases, b in-flowing fresh gas. The centre wall of the 

rotary valve directs the fresh qas so that the combustion chamber 
is well scave nged. 

Drehventil=rotary valve. Kinlass =inlet. O.T.=t.d.c. 


Auslass=cahaust. Kolben= piston. 


With the rotary valve engine, therefore, the useful pressure will be greater 
by comparison than that obtained by calculation with a poppet valve engine 
with the same compression ratio. 


(c) The Burt Sleeve Valve. 

With the Burt sliding sleeve valve in the Bristol engines, the fresh gas 
flows in on one side and out on the opposite side. So long as the outlet slots 
at the top dead centre are open the burnt gas flows along over the left side 
of the piston, whilst a further part of the burnt gases is removed out of the 
compression space situated at the centre above the piston (a in Fig. 4). 

When the inlet slot opens the fresh gas follows the stream of the exhaust 
gas towards the other side of the piston. With this the fresh gas must scavenge 
the rapidly receding compression space by eddying. In the absence of structural 
details the effectiveness of the scavenging process cannot be checked. 

The volumetric efficiency, however, could not be so high as with the Cross 
rotary valve control, because residual gases remain in the rebounding com- 


| 


ter 
ine 


A COMPARISON OF VALVE MECHANISM (POPPET AND SLEEVE). 809 


pression space, which reduces the purity and the thermal value of the charge 
in the suction stroke. The pump losses are smaller than with poppet valves, 
because the fresh gas stream can be more easily guided with the cylinder. 

It may be inferred that the scavenge loss also is smaller than in poppet valve 
engines of equal bore, because the gas inlet is always at the distance of the 


bore from the outlet. This measure is a multiple of the distance between the 
inlet and outlet valves in the poppet system (Fig. 2). The smaller fuel loss 


resulting from this is manifested’also in the lower consumption specified for the 


Bristol engines. 
= 


a 
b 
A kolben E 


= 
FIG. 4. 

Gas fiow in engine with Burt sleeve valve at t.d.c., a out-flowing 

residual gas; b fresh gases which scavenge the combustion chamber. 


Kolben=piston. A=erhaust. E=inlet. 


The disadvantages of the Burt valve system with respect to the heat control 
also are due to the direction of the motion of the gases. As the fresh gases 
always enter through the slots on the one side, the aluminium cylinder, the steel 
slide and the piston are continuously cooled on the one side, whilst on the 
other side piston, slide and cylinder are only heated by the exhaust gases. It 
is therefore extremely difficult to keep the piston and the slide cylindrical and 
circular. The overload capacity of this form of engine is very narrowly limited. 


V. THe Limitinc Compression Ratio VALVES. 

In the course of investigations on the gas flow phenomena in the poppet valve 
control it was found that the temperatures in the combustion chamber are too 
high for the fuels and prevent an increase in the filling or the compression. 

To obtain an indication as to the value of the compression ratio already 
reached and subsequently to be expected with poppet valves, the curve a in 
Fig. 5 was drawn. It shows the compression ratio « as a function of the 
cylinder volume of the best poppet valve engines. 

With small air-cooled motor-cycle engines a value of e=8 to 8.3 can be 
obtained when running on 50 per cent. benzole and 50 per cent. petrol. The 
octane number of this mixture is about 85, so that its knock resistance is roughly 
the same as 87 octane petrol. 

With large aero-engines the maximum value for the compression ratio lies 
between e=5 to 7 for a cylinder stroke volume of 2 to 3 litres. 

With small air-cooled engines with Cross rotary valve control on the other 
hand, the compression ratio with knock-free running and a 65 octane fuel can 
be increased to ¢=11.5. 

According to tests on various engines the limit values for engines of :— 

250 cub. cm. capacity lie at about «=11.5 
350 €=10.5 to II 
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A further increase in e¢ with an 80 to 85 octane fuel brings no advantages, 
because the mechanical efficiency is again deteriorated through the high pressures, 

As it may be assumed that in the future the gas distribution to the individual 
cylinders with petrol injection in each cylinder will produce an equally good 
performance for each cylinder as with the small single cylinder engines tesied, 
the curve b may be extended by the dotted line b, It would thus appear 
admissible to apply the limit values thus found for engines with Cross rotary 
valve control also to larger units. ; 

From this it is seen that engines can be built with Cross rotary valve control, 


a stroke volume of 2 to 3 litres and compression ratio e=9, using an 87 octane 
fuel. 
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Compression ratio of poppet valve engines with 85 octane as a 
function of the cylinder volume. 


b) Compression ratio of engines 
with Cross rotary valves with 65 octane and 0.25 to 0.5 litres 
cylinder volume. (b,) Compression ratio of engines with Cross 
rotary valve with 74 to 87 octane and larger cylinder volume. 


So long as no tests on large, air-cooled single cylinders are available from 
which an assessment of the temperature control can be obtained, this figure 
can only be regarded as a rough estimate. No reasons can, however, be given 
why these estimated values should not be attained. With water-cooled engines 
the compression ratio may perhaps be increased still further, since the heat is 
better controlled than with the air-cooled engines. 

The limit values of the compression ratio for engines with Burt sleeve valves 
would lie about half-way between curves a and b. 


VI. COMPARISON OF THE PISTON PRESSURES OF VARIOUS TYPES OF VALVE 
CONTROL 

Tables I and II contain the values of the performances and useful pressures 
of three Cross rotary valve engines and two poppet valve engines obtained from 
brake tests. 

To enable a comparison to be made of the piston pressures in the small engines 
with Cross rotary valves with large aero-engines, the mean piston pressure would 
be plotted as a function of the mean piston speed. 

Curves a, b, c in Fig. 6 show the piston pressures p,,. of three air-cooled 
single-cylinder motor-cycle engines. 

For the first comparison the pressure-curve d of a British Triumph 2-cylinder 
cycle engine, air-cooled, with carburettor, 63 mm. bore, 88 mm. stroke, 497 
cub. cm, e=1:7.2 is used. This engine was selected because it represents a 
recognised peak performance of the British motor-cycle industry. The 
of its piston pressure curve is very flat, so that a value of py.=8 kg./en 
still obtained with 
r.p.m. 


run 
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15 m./s. piston speed. Its output is 25 h.p. with n= 5,800 
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The first outstanding fact that appears on comparing the curves is that the 
piston pressures of the rotary valve engines are much higher than those of the 


poppet valve engines. 
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(Bottom) Mean piston pressures of different motor cycle engines as 


a function of the mean piston speed. 
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0.85 

d 0.5 
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two-cylinder ,, 
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25 single cylinder engine with Cross rotary valve. 


” 


poppet valve. 


rotary valve to the piston pressure of the poppet valve engine d. 


OvurecT AND USEFUL 
a 
No. of cvlinders. I 
Cylinder volume 247 
Bore and stroke. : 62 x 82 
h Pine 
2000 5 9.8 
3000 10.9 
4000 12.6 11.4 
5000 
5500 10.0 10.9 
6000 17.4 10.5 
6500 7:5 975 
Compression rauo e=11 


Valve diameter : 55 mm, 
Valve opening 7.8cm.? 
INopen 1Q” 
before t.d.c. 
INshut 60 
after b.d.c. 
EXopen 60 
before b.d.c. 
EXshut 1g 
after t.dic. 


Valve timings . 


TABLE 


PRESSURES OF Motor CYCLE 
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Triumph 
2 
497 
63 X 8O 
Pme 
14.0 8.45 
1g. 1 8-05 
23.6 8.55 
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232 7.6 
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TABLE II. 
-ISTON PRESSURES AND GAS SPEEDS OF Cross Rotary VALVE ENGINES. 
Engine 
a c 
Mean piston 250 cm.* 350 cm.3 350 cm.*# 
speed 62 82 70 71 X 88 
Pme /cin.? 115 13.0 2.7 
12 m./s 4400 4000 4100 
Ug m./s. 45 43 43 
Pme kg./em.? 11.3 12.4 
14 m./s r.p.m. 5100 4050 4800 
Vg 50 50 50 
Pmo 10.8 11.0 
160 m/s V.p.m. 5850 5350 5450 
Ug M./s. 64 58 58 
Pme ky./em.? 102 9.9 10.4 
18 m./s. ” Y.p.m. 6600 6900 6150 
M.!s. 72 05 605 
Pme kz./cm.? 8.8 
n V.p.m, 6500 -- 
m./s. 70 
Valve opening/piston area % 25.2 27.7 27:7 
The increase achieved is expressed by the ratio Prory/ Ppopy- 
The maximum values are :— 
Ratios 
(a) 250 cub. cm. 11.5 kg. Be 
(b) 350 cub. cm. rotary values 13.6 kg. 1.56 
(c) 350 cub. cm. 12.7 kg. 1.46 
(d) 497 cub. cm. poppet valves 8.7 kg. 1.0 


Piston pressures of this value have not hitherto been reached with any other 
engine without supercharging. 
the engines still run at the high compression ratio without knocking on a 
octane fuel. 

The run of the pressure curve a (Fig. 6) with a maximum of 11.5 kg./cm.? is 
particularly flat, since in the design of this engine (4) (1935 
characteristic, i.e., a wider range of regulation was aimed at, so that the engine 
in the motor cycle permitted a speed regulation in the direct running from 12 
132 km. /hr. 

In engine b (1937) (4) on the contrary the maximum value of 13.6 kg. cm." 
was obtained by determining experimentally the most favourable length of the 
steeply upward-directed suction connection (down draught carburettor) in order, 
by damping the oscillations of the gas column, to bring the self-charge at 


These results are the more noteworthy because 


05 


a rev-speed 


to 


n=4,000 r.p.m. to an optimum. 

The consequence, however, is, that the pressure curve rapidly drops with lower 
and higher piston speeds. Any attempt to increase the range of regulation of 
the engine was purposely relinquished, as it was intended for sports purposes 
and the larger fuel consumption entailed by the self-charging was of no signi- 
ficance. 

The 
respect 
shorter and horizontal. 


350 cub. cm. engine (c) (1938) differs from engine b not only with 
to the valve timing, but also by the fact that the suction connection was 
The run of the pressure curve (c) is now again flatter, 
the self-charging is no longer so clearly marked. The range of speed regulation 
is as large as that of engine (a), namely, from 19 to 145 km./hr. Curve (c) 
shows further that the engine with rotary valve only drops at I,=19.5 m./s. to 
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the value py.=8.8 kg./cem.*, which is reached by the poppet valve engine (d) 
as the maximum at I),=12m./s. The fuel consumption reaches its minimum 
value of 180 g,/h.p./m. with n— 3,800 r.p.m. 

[he coincidence of the maximum values of all four engines at about 12 m./s. 
piston speed is interesting. This fact enables a comparison to be made with the 
measured values of large aero-engines, which also usually reach their highest 
piston pressure with a piston speed of 12 to 13 m./s. 

Unfortunately the part contributed by the compression ratio and the better 
filling to the pressure increase still cannot be determined by exact investigation. 

We must therefore be content to make a comparison of the piston pressures 
of the four engines one with the other, in order to obtain a notion as to how 
the rotary valve engines behave at piston speeds of more than 12 m. s. com- 
pared with the engine with poppet valves. 

For this purpose the piston pressure ratio at different piston speeds is cal- 
culated. The curves (a), (b), (c) in Fig. 6 show the pressure increases 
Prot Ppop Of the three rotary valve engines compared with the poppet valve 
engine, curve (d). 


ro 


At 12 m./s. the pressure in engine (a) already increases 1.32 fold, at 16 m./s. 
it is even 1.45 times the value, thereby clearly showing the “better filling of the 
rotary valve engine compared with that of the poppet valve engine. Unfortunately 
curve (d) stops at 16 m./s., otherwise the advantage of the rotary valve at 
piston speeds up to 20 m./s. would appear still more clearly. 

The rise of the pressure curve of engine (c) is still more marked, because in 
this case it was possible to utilise,experience already gained earlier in con- 


struction. The pressure increases at 12 m./s. in the ratio 12.7:8.7=1.46 and 
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(Bottom) Mean piston pressures of large aero engines as a function 
of the mean piston speed. 
A. on with poppet valve. 
C ss Cross rotary valve. 
T.V.=poppet valve 
(Top) Ratio of the mean piston pressures in engines with Cross 
or Burt valve (b,) at different compression ratios. 


at 
her 
use 
95 
2 is 
eed 
rine 
2 to 
the 
ler, 
at 
wer 
1 of 


S14 TH. HOOCK. 


With the racing engine (b) there is certainly a large pressure increase (cu: 
b,) at 12 m./s., but this was forced by the self-loading. The pressure increase 
at 16 m./s. on the other hand coincides with the curve of engine (c) ; the 
of curve (b,) is thus approximately the same as that of engine (c,). 

For the second comparison use is made of the comparison by Kurtz (5) oi a 
very good aero-engine with poppet valve control and one with sliding sleeve 
valves, which gives a similar picture. 

In Fig. 7 (a) is the pressure curve of a poppet valve engine, which drops 
rapidly with a piston speed beyond 12 m./s., whereas the curve (b) of the 
sleeve valve engine still runs flat up to 16m./s. The piston pressures, piston 
and gas speeds are given in Table III. 


TABLE ITI. 


Poppet valve. Burt sliding sleeve 
e=65 
Pme 12.7 kg./cm.? 13.9 kg./cm.? 
n=.2300 Vy 12 m./s. 12 m./s 
V 60 m./s. 85 m./s 
Pine 11.0 kg./cm.* 12.9 kg.cm.? 
n= 3000 ‘a 16 16 in/s. 
78 110 m.Js. 


At 12 m./s. the increase in the useful pressure of the sleeve valve engine is 
approximately 10 per cent., at 16 m./s., however, the gain increases to about 
I7 per cent. (ratio 1.17). 

If again the ratios of the two pressures are plotted in Fig. 7, a curve (b,) is 
obtained, which has a form similar to those of the rotary valve engines in Fig. 6. 

By putting the efficiency of the heat output for the Burt sleeve valve equal 
to that of the rotary valve engine a rough estimate can be formed as to what 
pressure increases may be achieved with other compressions. In this it must 
be borne in mind that a compression «=6 to 6.5 was taken as a starting point. 

Values for e=8.5, 9.5 and 10.5 are drawn between the curves (b,) (Burt sleeve 
:=7.5) and (c,) (rotary e=11.5) found earlier. A correction has been made 
to allow for the fact that an increase from ¢=6.5 to 8.5 will bring a 
in pressure than an increase from ¢=10.5 to 11.5. 


greater gain 

If, for example, it is desired to know the piston pressure a rotary valve engine 
will have at the maximum permissible compression ratio ¢=g it will be necessary 
only to multiply the value measured for the poppet valve engine by the value 
read from the curves, viz., by about 1.35. 

Thus with a rotary valve engine it would be possible with n= 3,000 r.p.m and 
a piston speed of I’,=16 m./s. and e=g to increase the mean piston pressure with 
1.2 supercharge to 11 x 1.35=15 kg./cm.*. With n=2,300 r.p.m. and 12 m./s. 
piston speed, the piston pressure p,,./ 12-7 kg./cm.* was obtained, at e=g with 
rotary valve control it would increase to 1.26 times the value or 1.26:12.7=16 
kg./em.?. The useful pressure curve (d) has been drawn with these two values 
for an engine of this kind. 

Compared with the engine with the Burt sleeve valve the increase is less, because 
it already had «=7.5 and receives a better filling; it is only about 15 per cent. 
at 12 m./s. and 15 m./s. piston speed. 

It would thus be possible, with a useful pressure pye=15 kg./em.*, to obtain 
100 h.p. from a 2-litre cylinder stroke volume or 50 h.p./litre with n= 3,000 r.p.m. 
A 12-cylinder engine would thus develop 1,200 h.p. 

For 1,000 h.p. starting output at n= 3,000 r.p.m. and pme=15 kg./em.? and 
1.2 supercharge, a total stroke volume of 20 litres or 1.66 litres per cylinder 
would be necessary. 
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If the piston speed |',=16m./s. is to be fully utilised a cylinder bore of 
115 mm. is obtained. The high thermal load of the piston would thus present 
no difficulties. A cylinder of this size would have a rotary valve of about 100 mm. 
diameter with a valve opening of 6x 7=35 cm.”, which represents 35:104 of the 
piston surface. The mean gas velocity at the valve would then be only 48 m./s. 
f 1: the Burt sleeve valve engine the gas velocity with I’,=16 m./s. reached more 
than double, namely, I’,=110 m./s. in the poppet valve engine I’, =78 m./s. 


VII. Waar Limit in Furr Consumption CAN BE REACHED WITH ROTARY VALVE 
ENGINES? 

One or two curves are shown in Fig. 8 to give an idea as to the fuel con- 
sumption that may be expected with aero-engines with Cross rotary valve control. 

Curve (a) shows the consumption of small air-cooled motor-cycle engines with 
hemi-spherical combustion chamber and poppet valves. Curve (b) applies to 
large aero-engines with a mechanical efficiency e=o.82 and an air excess co- 
eficient e=1. For higher compressions, for which no measurements are avail- 
able, curve (b) has been extended in correspondence with the attainable thermal 
efficiency 
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Specine fucl consumption as a function of the conipression ratio. 


a. Small poppet valve engine. 


b. Large 
c. Small engines with Cross rotary valve. 
d. Large 


Curve (c) can be obtained with small engines with Cross rotary valves, if 
valve timings and carburettor are carefully harmonised. 

Curve (d) represents the estimated values for the effective fuel consumption 
b, for large aero-engines with e=8 to 10, which in the opinion of the author may 
be attained when this construction has been to some extent developed. 
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; 
t 
n 
e 
\ 
d 
h 
h 
6 
n 
d 


NEW METHODS OF CALCULATION FOR THE DETERMINATION OF 
A SPECIAL FORM OF INSTABILITY OF THE ELASTIC EQUILIBRIUM 
OF A CANTILEVER WING:! 


VIOLA. 
Aerotecnica,’’ Vol. 20, No. March, 1940, pp. 191-204.) 
Translated by M. Fuiy'r.* 
SUMMARY. 

The superposition of the flexural instability of the plane form of a cantilever 
wing in its own plane, over that of the torsional elastic equilibrium, gives rise to 
a special phenomenon of mixed instability which has been translated analytically 
by Prof. C. Minelli into the problem of determining the first positive characteristi: 
value of a certain system of two ordinary, linear and homogeneous equations, 


in two unknown functions, with given limiting conditions. The methods of 
calculation, both analytical and numerical, for the solution of this problem are 
described. The results confirm the intuitive inferences according to which, other 


conditions being equal, the backward displacement of the elastic axis worsens 
conditions by lowering the critical speed. 

1. In a paper presented by Prof. C. Minelli at the 25th Conference of the 
Italian Society for the Progress of Science at Tripoli (November, 1936) and 
published in the Proceedings of this conterence, the writer investigated the 
phenomenon which he calls the ** Prandtl-Reissner *’ mixed instability, to which 
the cantilever wings of aircraft flying at high speed are subjected. The pheno- 
menon is due to the superposition of two quite distinct types of instability ; 
on the one hand the instability of the plane form of bending of the wing: in its 
own plane, on the other the instability of the elastic equilibrium of torsion. 

In the paper referred to, the writer gives the following analytical exposition 
of the problem. We consider a wing arranged with the wing plane horizontal 
and the elastic axis 1B normal to the direction of motion, which is also con- 
sidered horizontal. 

It 
indicated in Fig. 1 are produced, viz., an elastic rotation of the wing and a 
bending of the elastic axis in a plane normal to the direction of motion.? 

We use y, to denote the displacement BB’ experienced by the end B of the 
said axis, and y the displacement PP’ of the general point P at a distance 4 
from 1. \WVe assume as unknown functions :- 


s assumed that, owing to some chance disturbance, the deformations 


y (xv) (ordinate of flexure referred to an axis passing through B’ and _ paralle 
to the axis 7)=y,—y. 

6 (2) (rotation of the section passing through the abscissa point 7). 

Further, A (x2) denotes the flexural rigidity of the wing at P, in the sense y 
normal to the wing plane; B (a) the torsional rigidity of the section, V the speed 


of the aircraft. The conditions at the ends in the case of the wing are 
| d?y d d?y 
ior ®=0, y= =A (1 )=o 
dx dx? dx da? 
dy 
lfor r=l. 46= 
dx 


! being the length of the wing. 

* Published by permission of the Ministry of Aircraft Production (R.T.P.). 

' Work carried out at the National Institute of Applied Mathematics, Rome 

° Bending of the elastic axis in the wing plane cannot occur, if (as is nearly always realised 
in practice) the wing is assumed as infinitely rigid against bending in its own plane. 
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Finally we put 

where S (a) is the static moment, with respect to the chord of the section otf 
abscissa a, of the wing surface contained between this chord and the free end; 
p the density of the air; (, the drag coeflicient; (’, the derivative of the lift 
cocticient with respect to the incidence; C',, that of the moment coefficient ; 
t the wing chord. 

With these notations, the author arrives at the two following differential, 
linear and homogeneous equations :— 


bes {2 } _ V°H (2) 8=0 
dz da? 


{+ + V? in) + (x) d=0 
da? 

which should satisfy the two unknown functions y, 6 within the whole of the 
interval ol, The author thus reduces the determination of the behaviour ot! 
the wing in the phenomenon of mixed instability, to the determination of the 
critical speed V (value of the speed V, at which the elastic system becomes 
unstable), that is, to the calculation of the first characteristic value (positive 
of Vin the contour preblem (1) (2). 


ofe eytico primitive 


2. With the intention of applying Prof. Minelli’s theory to determined finished 
constructions, the Directorate General of Production and Supply of the Italian 
Air Ministry requested the National Institute for Applied Mathematics to calculate 
the first characteristic value of V in the contour problem (1), (2), supplying the 
relative numerical data, that 1s, in addition to the value of the length | of the 
wing, the curves of the functions A(x) (in kg./m.?), B(x) (in) kg./m.?), 
(in ke./sec.7/m:),. K (in ke. sec.7/m:.*), H (x) (in ke. sec.7/m.*). The 
Institute had further to deal with four distinct concrete cases, referring to aircraft 
under construction, in which the first four of these equations remained the same, 
but in which the fifth function H (a) (in relation to the position of the elastic axis 
relative to the focal axis) varied from case to case. 

The present writer, being responsible, as advisor to the Institute, for the 
supervision and organisation of the analytical and numerical solution of this 
problem, had facilities for putting into practice, on a vast scale, original methods 
already under test in the Institute. These methods are now explained in detail, 
and may prove new and interesting not only to mathematicians but also to 
technicians who, once again, have had an opportunity of proving the great help 
which the Institute is able to afford. 
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3. Noting that, in the system (2) neither y nor dy dx appear, we may first 
assume d*y/da? as unknown function in place of y, and at the same time leave 
out of consideration the first and the last of conditions (1). 

rhen after introducing an auxiliary unknown function 
d*y 
dx* 
the problem is equivalent to that of the calculation of the first characteristic valu 
of Vin the contour problem :— 


| d 
| \*) _V?Z (x) u—V?H (2) 


Uu(r)= 


> 


4 {3) 
| { (x) \ + V2 } + (x) é=0, 
| da? dz 
vith the conditions at the ends :— 
ds 
| for oF u= (Au)=o (4) 


z=l, =o 

Phis calculation has been carried out by a process of successive approximations 
described below in paras. 5 and 6. But, as will be clear, it is necessary to be 
able to begin the procedure from a few first values of V which are as close as 
possible (even if only as orders of value) to the characteristic value sought. 

An initial approximate value could naturally have been obtained from the 
experiments and the intuitive predictions of the technicians who supplied the 
curves of the known functions. But the Institute, both because of the theoretical 
interest of the question and because of the responsibility of finding a complete 
and exhaustive analytical solution, considered it advisable first to apply a direct 
method, for a first approximate assessment of the characteristic value of V. 

rhis method is explained below. 


SEARCH FOR SOME First APPROXIMATE VALUES FOR THE CHARACTERISTIC VALUE. 


4. We transform the suggested system (2) into a system of integral equations, 
substituting for the unknown functions 6 (x), y (a) the new auyiliary unknowns : 


whence we obtain, by means of successive integrations :— 


x 


- | dy, Y (L)= d t)w (t)dt 


(€) 1) 
Introducing these expressions into (2), we obiate, by simple calculations, the 
two following integral equations :— 
( 
A (r) (a)\ (a €) (y) (€) dé 4 


4+..V7A { H dy=o. 
(c)J 
V2Z (2) B (x) @ (a) + Bt (2) (x) 4 5) 


V? [2 B(x) Z!' (4)—Z (x) B' (x)] dé 
4 
dn=0 
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Equations (5), with these assumptions, provide the following 


and homogeneous equations in the unknowns a,, b,: 


n 


oO 


The condition of reso 


(T+1) (r+2) 


>, { 


BS 
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5, { (x) attida + \4 (x) H (a) ridx 


d¢ 
2(¢é S 
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(a) attit+2dz, . b-=0 


Z (x) B (a) attida + 


(x) B! (x) attitida + 
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| B* (a) +2" (x)j ride 
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v (a), we assume polynomes of a certain degree 


linear 


Ivability of this system with values of a, and b, not all 


equal to zero is expressed by cancelling the determinant of the matrix of the 


coefficients. 


This leads to an algebraic equation in V, of the (n+1) order, the 


roots of which are to be considered as first approximate characteristic values. 


For n=0, equations (6) become 


o 


« 


] 


« 


{ (x) B (x) 


] 
(a) [K (2 


{ (x) da + A (x) H (x) dz 


is yer 
| dg ad,— |Z (x) . 
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Z" dar | las 
| JB (g * 
x 


« 


| [2B (a) Z! (2)—Z hb! Jada 


| (x) dz . 


and, cancelling the determinant, we obtain the bi-quadratic equation 
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12 (x) x7dzx { | [Z (x) B (x) (x) Z! (x) (x) B! dx + 


| B? (x) [K (a) (x)] dx 


| A(x) H da 
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For n=1, equations (6) become 


{ BZ' --ZB') 20) dé \ 4, 4+- 


+V2 { | BU! ZB!) K +. 


2") dx| dé ha, [ =0, 


lex 2 BZ! ZB!) wide Le 


| Be dé } a,+ | 132, “dr. =o. 


we obtain an equation of the fourth degree in V?, 


Cancelling the determinant, 
be written in shortened form 


he somewhat complicated expression of which may 
with the aid of the following notations: 


J tts — ( ) 
J, ( | ) | | Be 
3 “dr ( ly ) 


2 BZ! — ZB!) | 


| 
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[he equation of the fourth degree in V2 referred to may then be written « 
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The length and the complication of these formulz shows clearly that the metliod 
described here could not be applied for the determination, by step by sicp 
approximation, of the characteristic value. Limiting considerations theretore to 
the first cases n=o, n=1, it will be convenient to assume the smallest positive 
root of the corresponding algebraic equation in JV, as the initial value to which 
methods, indirect, but more effective in practice are applied. 


METHOD BY SUCCESSIVE APPROXIMATIONS. 

5. Assigning any arbitrary numerical value to the parameter Vo which appears 
in equations (3), the latter may be integrated over the whole of the interval ol, 
taking into account the conditions at the end of «=o, that is of the first three of 
the equations (4) (initial conditions) :— 
dé d 
2 


3 = Au = (Au)=o for x=o. 
dz da 


Such integration may be carried out according to any of the known methods. 
For reasons closely associated with the data supplied by the Italian Air Ministry 
and which will be dealt with later (para. 7), it is considered advisable to apply a 
first method, viz., integration by series, in the whole of a certain convenient 


region ol near the origin, and a second method, that of Cauchy-Lipschitz, in the 
partial remaining interval Ll. An idea of the application of these two methods 
will thus be given in the first piace. 

As to the indetermination due to the homogeneity of equations (3), when account 
is taken only of the initial conditions, it will be agreed that, in every case 64 (I 
must=1, when V=o. With this convention, equations (3) being reduced for 
simply to 

(Bd/)'=o0, (Au)" =o, 


we have, in this particular case, the two integrals constant over the whole o/ 


INTEGRATION BY SERIES. 


n 


In the interval o 0.5, it is possible to assume, for the coefficients appearing 
equations (3) suitably represented by the curves supplied by the Italian Air 
Ministry (cf. para. 8), whole rational expressions of the following types + 

LAD 


where 2,, 23, ka, are determinate numerical coefficients. 


We then put 


6=a°P (x), (27), 


with 
where -.. are indeterminate coefficients, and r is an indeter- 


minate exponent, with the sole hypothesis that 
as seen immediately from the initial conditions. 
ntroducing into (3) the series of 6, 1, given above and the whole rational 
expressions for the coefficients, the similar terms may be reduced and the first 


terms of equations (3) be arranged in increasing powers of .r. Equations (3) thus 
become 
Phe initial conditions (7) are immediately satisfied, when r>—1 On the other ind, 


this inequality is necessary in order to satisfy the third of equations (7). 
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| do (r+ 2 { a, [By (r+) 
| 
| VAC 
+ { +4, + (r+ 4) +2] 4+ 
| + ag} tet + | 4+1) + 4) =2 
1 
| + V? (k,a,+h,a;_,) } (8) 


Now by cancelling out the individual coefficients of the series obtained in the 
first terms of equations (8), as required by the principle of identity, we obtain a 
recurrent system of infinite linear equations in the unknowns «,, u,. Further, 
from the first coefficient of the first series, since a, + 0, we obtain 

Byr (r+ 2) 
an equation of the second degree in r, the root of which must be assumed as 


r= 0+ (9) 


in order that r > 1. 

From examination of the successive equations forming the recurrent system 
it is seen that, when we put V =o, in addition to +, all the coefficients u; become 
zero, that is u (a) = 0, and also all the coefficients a,, with the exception of a,, 


that is 6(a)=a,. Through the convention adopted above, we must therefore 
put d,=1. Following this, we may resolve one alter the other the equations of the 


recurrent system and obtain successively the values of the coefficients «,, w;. 


(b) THe METHOD OF INTEGRATION. 

Starting from the value x=1,, and over the whole of the interval [,/, the system 
(3) has been resolved, approximately, by the Cauchy-Lipschitz method. The 
initial values of the unknown functions wu (a), 6 (a) are calculated, x is put =1,, 
in the series developed in para. 5 (a), the unknowns are expressed by Taylor’s 
formule stopping at the third derivative. The interval [,l is subdivided into a 
relatively high number of equal parts, at every point of subdivision, besides w, 


6, also u’, 6/, are calculated by means of Tavlor’s shortened series, wu”, 6”, on 
the other hand, are calculated by the formula _ 
= { V?(V7HZ+ BK + BZ") + A"B) 
V? (B'Z—2 +2 A'Bu' } (10) 
6! = V7Zu — Bd’), 


B 


which are obtained from equations (3), the derivations indicated there are carried 
out and then resolved with respect to the derivative of the highest order of the 
unknown functions.* Finally wu!” and 6 are calculated by difference on the 
second derivatives. 

6. If (as stated at the beginning of para. 5) some numerical value is assumed 
for the parameter V, equations (3) may be integrated over ol (by the methods 
indicated in para. 5 (a), (b)) with the conditions (7). With this we obtain, for 
the function 6 (7) at the end 2=I, a value 4 (1) which we shall indicate by 6 (I, V 
and which may thus be considered a function of V. By known theorems this 
function is certainly continuous and derivable with respect to V, on the strength 
of simple hypotheses of continuity and derivability which are made on its 
coefficients. 

Briefly, the problem proposed is reduced to finding (if it exists) the smallest 
positive root of the equation 6 (1, V)=o. 


Formule (10) were also used for the purpose of checking the numerical calculations of 
the integration by series described above. 
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To resolve this problem, we start trom a first approximate estimate of the 
characteristic value, at the same time allowing for it an ample interval of separa- 
tion. We then proceed by successive approximations by the method of secants, 
based, as is known on the formula of linear interpolation :— 


yi_ypn 
which gives for the characteristic value a more approximate value V/’’, as trom 


two preceding values V’, V". 


NUMERICAL CALCULATION. 

7. Before we enter upon the explanation of the various processes of the 
numerical calculation that have been carried out for the complete resolution of 
the problem, attention should first be given to certain essential characteristics of 
the method described in paras. 5, 6. There the unknown functions 6, uv are 
assumed as analytical, but both possess a certain algebraic singularity at the 
origin. This singularity is dependent on the fact that, when the differential 
equations (3) are brought into the normal form (10), the coefficients of u, 6 and 
of u’, 6! which appear in the second terms, manifestly possess polar singularities 
at the origin. 

It should also be mentioned that both the methods (a) and (b) described in 
para. 5 must be successively applied. It is in fact clear that it would be impossi- 
ble to apply exclusively (that is over the whole interval ol) either the one or the 
other of them; not the first, owing to the impossibility of assuming, for the 
functions A (x), B(x), H (x), K(x), Z(*), whole rational expressions, of a low 
order, in the region about the origin ol; not the second, just because of the 
above mentioned polar singularities of the coefficients in the system (1o), reduced 
to normal form. 

8. The graphs provided by the Air Ministry were obtained by assuming for the 
functions 

whole rational expressions at successive partial intervals of the integration 


interval ol. In para. 5 (a) we find, for example, the expressions in a first partial 


interval, namely, in the common region at 00.5 of the origin. The coefficients 
in the individual expressions were calculated :— 

(1) By identifying with the data of the diagram, the values which the functions 
(11) and their first derivatives should assume at certain points of of. 

(2) By equating the values which (11) and a certain number of their successive 
derivatives should assume at the ends of the partial intervals, to those which, 
at these ends, are assumed by (11), on the strength of expressions already deter- 
mined in adjacent partial intervals. 

This it was possible to obtain, through (11), continuous representations 
together with their first derivatives in the whole of the interval of integration ol, 
whereas their successive derivatives of the first order are subjected to discontinuity 
only at certain isolated points of ol. The determination of these points, together 
with that of the order of the derivatives which at these points should maintain con- 
tinuity (first, second or third order, according to the case), was obtained as the 
result of a number of trials on the degree of numerical approximation obtainable 
by the application of the pre-established methods already described in the present 
paper ; in this the necessity was borne in mind in order to save work, of attributing 
to the terms in (11), in each partial interval, the simplest expressions possible, 
namely, of the lowest possible orders. 

For the function B (a), over the interval of about ©O.5 from the origin, the 
process described in para. 5 (a) alone, however, was not sufficient for all the 
numerical operations necessary for the realisation of the foregoing methods. It 
is observed, in fact that, in the formule of para. 4, the two integrals 
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JB 
x 
appear as functions of the lower limit. Now from the curve of the function 
B (x) supplied by the Office, the essential fact emerges that this function should 
appear in the neighbourhood of the origin, as an infinitesimal of an order greater 
than the first.° Hence (unless) the first of these integrals is improper, for «=o. 
In order that the first of these integrals (and hence also the second) shall remain 
finite in the neighbourhood of the origin, it was therefore necessary to abandon 
(in the application of the method in para. 4) the rational expression of B (2), 
like that of para. 5 (a) and select instead (in a whole region, sufficiently restricted, 
about the origin) an irrational expression of the type :— 


with ¢ positive and arbitrarily small. 


9619 


0 300 700 1000 1350 1500 1800 1920 
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With this derivation of B (x), these like all the other integrals in para. 4, were 
calculated by the Cavalieri-Simpson method, with steps more or less close in 
the various stages of the integration interval, according to the degree of stability 
realised in practice. 

g. The most delicate and important part of the numerical calculation was the 
application of the method of successive approximations described in paras. 5, 
The first numerical tests were carried out in connection with a curve of the func- 
tion H (a2), applied by the Office with respect to a cantilever wing the elastic axis 
of which was at 10 per cent. of the chord. 

Fig. 2 shows the numerical results obtained which are given here on account 
of their qualitative interest. 

The method in paras. 5, 6, was first applied with V=1,920 m./s. obtained by 
the second approximation of the preceding method (para. 4). Subsequently 


5 In effect in para. 5a, the function B(x) was assumed as an infinitesimal of the third 
order, so that, together with the determination of the other functions (11), it was 
possible to obtain in this way: (1) a wider determination of the region about the 
origin, within which the developments in series would be valid; (2) the satisfaction 
a priovt of the initial conditions (7). (cf. footnote 3.) 
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gradually smaller values of V were assumed. We thus obtained for the function 
6 (1, V) a table of values which, although very rough, enabled us to conclude that, 
in all probability, a characteristic value was non-existent. The same conclusion 
was arrived at in a second case corresponding to a position of the elastic axis 
at 20 per cent. of the wing chord. 

Particularly intricate calculations were necessary for the investigations of the 
other two cases, one with the elastic axis at 30 per cent. and the other at 4o per 
cent. of the wing chord. In these two cases, it is found that, in the first place, 
expression (g) does not provide real values for r, when V exceeds the positive 
(existing) root of the equation of the second order which is obtained by cancelling 
out the root of :— 

The analytical problem as enunciated would thus lose its significance when V 
assumes values exceeding this root. 

We were able to distinguish, in both cases, the presence of the characteristic 
value and to determine it with all the required accuracy. This work required 
also an examination of the run of the function 6 (x) over the whole interval 0.51 
over which the numerical integration (para. 6b) was carried out, namely, that 
corresponding to each of the values assumed for V. 
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3. 

Fig. 3 shows, by way of example, this curve, for the three values V = 300, 400, 
500 m./s., and for the elastic axis at 4o per cent. of the wing chord. The last 
case was found to be the most laborious, but even this was finally completely 
resolved, the characteristic value being found at about V=411 m./s. 

For the case where the elastic axis was at 30 per cent. of the wing chord, the 
characteristic value was found to be about V =680 m./s. 

These results are in very good agreement with those predicted by technicians, 
according to which, with equal A (x), B (x), Z (x), K (x), the displacement of the 
elastic axis, which enters into the expression for H (a), has an effect which is 
definitely to be expected; namely, that rearward displacement of the elastic axis 
worsens the condition by decreasing the critical velocity. 


| 
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PLANE BRACED FRAMES LOADED PERPENDICULARLY TO 
THEIR PLANES. 


A NEW APPLICATION OF CROSS’. METHOD. 


By Jean DryMak_, 


Assistunt Professor tn the University of Brussels. 


SUMMARY.* 

The article deals with the calculation of plane frames each bar of which is able 
to withstand flexion perpendicularly to the main plane. After having shown that 
the stress corresponding to the loads parallel to that plane is independent of the 
stress corresponding to the perpendicular loads, the author develops for this 
latter a method of resolution based on Cross’ principle. Fictitious supports are 
added to each knot and then successively removed, till the structure reaches 
the true form corresponding to the loading. A very important improvement ot 
the original method—formerly not applied to a three-dimensional construction 
consists in the use of adjustments, that is appropriate movements of parts of the 
structure as a whole. 

The method proved to have many advantages: Difficulties independent of the 
degree of redundancy, no loss of accuracy between the beginning and the end ot 
calculations, large number of verifications in the course of resolution, reliability 
of the results, easy understanding of the successive steps, possibility of simul- 
taneous work for many contributors, and relative shortness of the amount of 
work required. 

Cuapter I. 
POSITION OF THE PROBLEM. 
i. KIND OF STRUCTURE DEALT WITH. 

The method of calculation here described concerns chiefly the main structure 
of an aeroplane wing consisting in two main spars joined together by a set otf 
rigid diagonals (Fig. 1). The same kind of construction is often used for ceilings. 


* The author was granted for this work the ‘‘ Prix de la Société Royale Belge des 
Ingénieurs et des Industriels pour 1939.’’ 
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Projected on the horizontal plane it looks the same as an ordinary plane braced 
frame (Fig. 2). But every bar, instead of being a simple rod, is a little beam, 
able to withstand flexion in the vertical plane. The logical form of the section 
consists thus of two flanges, bound together by a plain web or a plane truss. 
2. STRESS. 
It follows that each beam is able to resist to: 
an axial force N (traction or compression). 
a bending moment MM in the vertical plane. 
—a vertical shear S. 
The moment of inertia corresponding to the vertical axis is much smaller than 
that corresponding to the horizontal axis. We therefore may neglect the 


resistance of the beam against horizontal bending (moment and shear). ‘The 
resistance against twisting is closely bound with the resistance of both flanges 
to flexion in the horizontal plane. Thus we may neglect it too. 


Those assumptions are exactly of the same kind as those made for ordinary 
plane frames when they are considered as pin-joined. 


FIG. 2. 


3. EXTERNAL Loaps. 
The loads acting on the construction can be divided into two groups. 
we have to consider the loads acting in the horizontal plane, or shortly the 


First, 


‘* horizontal loads,’’ that is 
—the horizontal forces. 
the moments whose axes are vertical. 


Secondly, the construction bears vertical loads,’’ that is 


the vertical forces. 
the moments whose axes are horizontal. 


4. EQUATIONS OF BALANCE. 
AB, and write down the equations which 


Let us cut the structure along 
The balance in the horizontal plane 1s 


express the equilibrium of either part. 
expressed by three equations dealing respectively with 
the translation in the x direction. 
the translation in the y direction. 
the rotation about the z axis. 
Those equations concern only : 
—the axial forces N 
-the horizontal loads. 
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lhey are the ordinary equations of the plane frames, and are modified in no 
way by the presence of vertical loads. They need not be considered any longer 
here. 
(he balance perpendicularly to the horizontal plane is expressed also by three 
kinds of equations dealing respectively with 
—the rotation about the 2 axis. 
—the rotation about the y axis. 
—the translation in the z direction. 
[hose equations are concerned only with the bending moments J and shears S 
=the vertical loads. 
Although the moment and the shear usually vary along each beam, the know- 
ledge of two figures for each is sufficient. The stress of the beam is completely 
known as soon as M and S are known in one section, for instance. 


5. MreTHODS OF RESOLUTION. 
It is easily shown, if the structure is statically determinate in its plane, that 
the degree of redundancy is equal to 
n+H—(3+h) 
n: Number of knots. 
H: Degree of external redundancy, vertically. 
h: Degree of external redundancy, horizontally. 

The degree of redundancy is generally very high, except in the simplest cases. 
The methods of resolution based on the use of statically determinate structures 
of comparison are very tiresome and require a strenuous amount of work, if a 
reasonable accuracy is wanted, evén if the calculations are simplified to the 
greatest possible extent by a proper choice of variables. 

The method explained hereafter is based on Cross’ principle of successive 
relaxations. This principle, first applied to a very particular kind of structure* 
was extended to all kinds of plane constructions. Its applications to continuous 
beams and to plane frames with rigid joints were fully developed in two A.R.C. 
Reports and Memoranda. | 

So far as the author knows, the principle was never applied to a three-dimen- 
sional construction. Instead of comparing the structure to a statically deter- 
mined one, he compares it to a more indeterminate system, obtained by adding 
to the actual supports fictitious ones, in such numbers that each particular beam 
becomes built-in at both ends. Henceforth, its study under any loads, even 
not applied on the knots is a well known problem. If the fictitious supports are 
removed, the knots move towards the positions they actually occupy in the real 
system. But, instead of releasing them all together, the author releases the 
fictitious supports of one knot only, and restores them in the new position of the 
knot; he does the same with the second one, a third one, and so on, coming 
back to the first as many times as needed for a given accuracy. 


CHAPTER II. 
RESOLUTION. 
6. CONVENTIONS. 
It is useful to make some unusual conventions about the loads, ete. 


Ares. 
A left-hand system of axes is used, the ay plane coinciding with the main 
plane of the construction (Fig. 3). 


* Cross, H. Analysis of continuous frames by distributing fixed-end moments. Am. Soc. 
Civ. Eng. Proc., 1930, 56 (5), 919-28. 

+ Baker, J. F., and A. J. Ockleston. A distribution method of stress analysis. R. & M. 
1667. Williams, D. Successive approximation method of solving continuous beam 
problem. R. & M. 1670. 
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Bending and External Moments 


The bending moment at the end A of the beam AB is called Myg. It acts 


the vertical plane passing through AB, and is considered as positive when the 
bottom flange is in tension. On the horizontal projection of the structure, this 


moment may be represented by a vector V, directed as the axis of the momen 
(Fig. 3). But it is more convenient to turn this vector at 90 degrees in the 
horizontal plane, positively, so that it becomes parallel to the force applied 0: 
the bottom flange. 

Kor the sake of uniformity the vectors corresponding to external moments 
are turned at go degrees in a similar way. 

The projections of the moments, thus represented, on the axes xr and y are 


called Lo and N. 


Shears and Vertical Forces. 


The shear at the end A of the beam 1B, called $,,, is considered as positive 
when the beam is loaded upwards by the knot. This convention is not consistent 
with the same convention at the end 4, but that does not matter as long as 


the ends only are dealt with. 


Displacement of a Knot. 

The displacement of a knot consists in a rotation about a horizontal axis and 
a vertical translation. 

The first may be represented by a horizontal vector directed along the axis of 
rotation, but for an obvious reason of uniformity this vector is turned at 
go degrees in the positive sense. It becomes thus directed as the horizontal 
displacement of the bottom part of the knot. 

The projections of this vector i on the a and y axes are called j and k (Fig. 4). 
If Ab is one of the bars issued from A, the projections of unit rotations 7,=1, 
jy=t, k,=1 on the direction BA are callediy,, Jag, and considered as_posi- 
tive when directed from B to A. 

The vertical translation of a knot is called w and considered as positive when 


directed upwards. 


KINDS OF SUPPORTS. 
The supports, real as well as fictitious, are of three kinds, which may co-exist 
on each knot. They are 
—the support that withstands the j rotation (1. moment). 
—the support that withstands the k rotation (N moment). 
—the support that withstands the w translation (S force). 
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Fictitious supports are added to the real ones in such a way that the knot 
becomes completely stiff. 


8. COMPLEMENTARY ASSUMPTION. 

For the sake of simplicity, but not as an inherent part of the method, the 
author assumes that the moment of inertia varies between both ends of each 
bar, according to a hyperbolical law. Hence, all the characteristics of the bar 
are functions only of the mean value of the moment 

J=% tTpa) 
and of the ratio 
R= (Ig, (Una + an) 

They assume a simple form of J when the moment of inertia is constant, that 
is when R is zero. The corresponding value ought to be multiplied, when f 
is not zero, by a convenient coefficient which may be calculated once for all (see 


Appendix). 
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9. PRELIMINARY CALCULATIONS. 
ist Step: Loads applied at the end of a bar to produce a given displacement. 
Let the bar AB be considered; in order to produce the unit rotation i,,=1 
of the A end, the other being kept stiff, the moment M,,'*8 and the shear S,,'*8 
must be applied to A. 
In the same way the unit displacement w,=1 requires the application of the 
loads M,,”* and S,,%*. It is known, by the law of reciprocity that 


D4 B M, B 


AB 


provided that a consistent system of units is used. 


At last no loads are required to twist each bar. 


2nd Step: Loads applicd to a knot to produce a given displacement. 


The displacement of the knot A consists of the rotations j, and k, and the 


translation w,. The unit rotation j,=1 corresponds to known rotations jy, 
Vege of the bars issued from A, in their own planes. For the bar 1B, 
for instance, the rotation j,=1 requires thus the loads 


Let the moments be represented by adequate vectors (Fig. 5). Their geometrical 
sum is the moment M,/ that must be applied to the knot A in order to produce 
the rotation j,=1. Let Lyi and N, be the projections of this vector. The 
algebraic sum of the shears is the force S,i that must be applied to the knot in 
order to produce the unit rotation j,=T. 


832 JEAN DRYMAEL. 
The loads L,*, N,* and S,* which must be applied to the knot to produ 
the unit rotation k,=1 are determined in a similar way. 
The loads L,*, N,* and S,” corresponding to the unit translation w,=1 are 
found by adding together the moments or shears in the various beams. 

If j,, k, and w, assume each any value, simultaneously, the loads applied 
to the knot must amount to (dropping the A indices) 
L=L j+ Lk k + LY | 
N=Ni.j+N*.k+N¥. w 

It must be noticed that, following the law of reciprocity the coefficients 0} 
these equations must be symmetrical :— 
LY=S), 
The equal coefficients are determined in completely independent ways. Prav- 
tically this gives thus a valuable verification. 


D 


BIG. 


grd Step: Displacement of a knot corresponding to given loads. 
Solved as regards j, k and w the equations (1) enable to express them as 
functions of L, N, S: 
. N+P. | 
kek’ . Lok" . N+k5.S }. (2) 
J 
The coefficients of this new set of equations being proportional to the minors 
of the determinant of the first, are obviously symmetrical too. 
A second verification is easily made by calculating the sum, for each column, 
of the products of the terms by their minors. Their common value is the value 
of the determinant. 


ath Step: Distributing of the loads applied to a knot. 


If the unit moment L,=1 is applied to the knot A, this will undergo the 
displacements and In accordance with the previous calculations, 
these displacements correspond to the following loads, on the bar 4B :— 

Map Jah + ky’ + wy 


and similar loads on the other bars issued from A. 
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if the fictitious support of the knot A applies to it a unit moment L=1, the 
removal of the support is equivalent to the application of a moment L=—1. This 
is followed by the appearance on AB of the loads +M,,'* and +S,,'*, and 
of similar loads on the other bars. 

if the moment applied by the support to the knot assumes any value, the 
corresponding loads on the various bars are equal to the same figures multiplied 
by L. My ,!* and S,,'* are called distributed loads due to the removal ot 
the moment.”’ 

The loads distributed among the whole of the bars issuing from the knot 


must obviously equal the moment L=—1. The geometrical sum of the distri- 
buted moments is equal to L=~—1, and the algebraic sum of the distributed 


shears is zero. 
The distributed loads corresponding to the removal of the N moment or S force 
are determined in a similar manner, and give similar verifications. 


sth Step: Transporting of the loads applied to a knot. 
To the distribution of the unit 1. moment correspond in the bar 4b a moment 
AB and a shear San 
The equilibrium of the bar requires the application, at 6b, of the following 
loads : 


M 


assuming that 1,, is the length of the bar. 
The loads, appearing in B when the fictitious supports are removed from A, 
are called ‘* transported loads due to the removal of the L moment.”’ 
The transported loads corresponding to the removal of the N moment and of 
the S force are determined in a similar way. 


10. RESOLUTION WITHOUT ADJUSTMENT. 


Knowing the external loads on each bar, it is easy to determine the moments 
and shears acting on both ends of it, assuming that they are perfectly stiff (see 


Appendix). They are called ‘‘ fixed ends loads.’’ Let M,,' and S,,' be the 
moment and shear acting at A, on the bar AB. 

The proper resolution of the problem can now be undertaken. A table of 
form I is made for each knot. The left-hand side is used for the loads at the 


knot itself, and the right-hand side for the loads to be transported. Each part 
is divided in two, one for the moments, the other for the shears. Each column 
is now divided into a number of parts equal to the number of bars issued from 41. 
Let us suppose that three bars AB, AC, AD are issued from A. The loads put 
in the left part of the table are those corresponding to AB, AC, AD indices, 
while those written in the right part are those corresponding to BA, CA, DA. 

ist Operation.—In each table, on the left-hand side, the fixed ends loads 
corresponding to each bar are written down (line 5). 


2nd Operation.—The supports of one knot, say the knot A, are released. ‘The 
total loads applied by the fictitious supports to the knot are found by adding 
geometrically the bar moments and algebraically the bar shears. The first sum 


is conveniently calculated by projecting every moment on the a and y axes. The 
projections of M,, are equal to 


Lap=Map Jap Nap id 


Jag and ky, being the coefficients previously used. They are repeated on the 
line 4. 

The algebraical sum L,, N, and S, of the respective loads in the various 
bars are written down in the reserved columns. The loads appearing in the bars 


when the L moment is removed both at A, and at the other ends are obtained 


by multiplying L, by a set of coefficients previously determined, and repeated 
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on line 1. The products are written on line 7. The coefficients relative to N 
and S are also repeated on the second and third lines, and the loads corresponding 
to the removal of the N moment and the S load are written on the eighth and 
ninth lines. 

The loads, at A, after the removal of the fictitious supports are equal to the 
fixed ends loads, plus the distributed loads. These sums are calculated and 
written on line 10. 

The geometric sum of the moments and the algebraical sum of the shears must 
be null since the knot is balanced. ‘This enables one to obtain a fresh verification. 
The total loads are twice underlined. 

The loads which must be transported to B, C or D are equal to the sums ot 
the loads corresponding to L, N and S. These sums are written down on line 10. 
They are repeated in the tables of the knots B, C and D in the corresponding 
columns of the left-hand sides. 

3rd Operation: The third operation is exactly the same as the second one, 
applied to another knot, say the knot J. 

This operation makes transported loads appear in A; they are written down 
in the convenient columns on line 11. 

Following Operations.—The following operations are again the same as the 
second one, successively at the various knots. It is assumed that the fourth and 
the fifth concern respectively the knots C and D. 

When all the knots have been released, or at least the most heavily loaded of 
them, the second cycle of relaxations is started. But the loads written above 
the double line need not be considered, since they balance each other. 

In this way the construction approaches progressively its true position, and the 
loads considered in the successive cycles become smaller and smaller. The process 
ends when the still unbalanced load is negligible. 

The load acting on the end of a bar is equal to the sum of all loads, that is, 
the fixed ends, distributed and transported ones. It is easily seen that this sum 
equals the sum of the twice underlined figures. 


CHAPTER ITI. 
ADJUSTMENTS. 
11. NEED OF ADJUSTMENTS. 
The previous method calls for so much labour that it is practically not possible 
to use it. It is easily understood that the releasing of the knot 6, for instance 


(Fig. 2), transports the load acting on it among the knots 3, 4, 5, 7 and 8. The 
loads thus transported towards the right must come back to the left, since the 
real supports must carry the whole of the external load. And even when the 


knots 6 and 4 have both reached their positions of equilibrium, the knot 2 being 
kept stiff, the form of the structure is still much different from what it must be. 
This difficulty is easily avoided by making convenient adjustments. 


12, KINDS OF ADJUSTMENTS. 
The adjustments consist of movements of the right part of the construction, 
as a whole. 
The movement of the whole 1-2 to 5-6, for instance, may be, if we choose a 
set of axes issued from 6 
a rotation j, parallel to a. 
a rotation hk, parallel to y. 
a translation w, parallel to z. 
The author has tried simple and double adjustments. They were not sufficient. 
It is necessary to use triple adjustments. 
If the considered part of the construction is moved as a whole, the only bars 
affected are those located between the knots 5-6 and the knots 7-8. The moments 


and shears in these bars, in 5 or 6, are changed. It is convenient to determine 
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the magnitude of the movements by the conditions that the total moments and 
force applied by the fictitious supports to the knots 5 and 6, together, become 
null. The process used is very similar to that used for the relaxation of a knot. 


13. PRELIMINARY CALCULATIONS. 


In order to show the identity of the processes, the same numbers will be use 
for similar calculations. There is no first step. 


2nd Step: Loads applied to the knots to produce a given adjustment. 
The rotation j, corresponds to equal rotations of both knots j;=j,=j,; and 
of a translation of the knot 5 :— 
Ws I5 
x,, being the projection on the x axis of the vector 6-5. 
The unit rotation j,=1 requires thus the application of following loads : 


End of bar Moment Shear 
ay M,,/°=M,,/° +2,,M,,° S,,7*=S,,/* 
O07 M,; S67'° =S,,/° 
68 M,,/°=M,,'° Soa!” 


Those figures are easily determined with reference to previous calculations. 
The resultant moment about 6 of those loads equals the geometrical sum ot 
the three moments increased by the moment about this knot of S,,!*, t.e. :— 
an a moment 7,, . S;,/°- 


65 


—a y moment . S;,!°. 


Let L,! and N,/ be the projections on the axes of the total moment. The total 
force applied to the knots equals the sum of the three shears. Let it be called 
S.J. Total loads corresponding to the unit rotation k,=1 are determined in a 
similar way, the only difference being that 

At last, the unit translation w,=1 corresponds to equal translations of both 
knots; the calculation of the total loads offers no difficulty. 

If the displacement j,, /,, and w,, assume each any value, simultaneously, the 


loads applied to the knots must amount to (dropping the indices) 
.w 
N=Ni.74+N* | 
S=Si.j+S8*.k+S8~.w 
These equations are similar to the equations (1) and, like them, symmetrical. 
(Verification. ) 


os) 


grd Step: Adjustment of two knots corresponding to given loads. 
Solved as regards j, k, w, the equations (3) enable to express them as linear 


functions of L, N, S (cf. eq. 2). 


gih Step: Distributing of the adjustment loads. 
If the unit moment L,=1 is applied to the knots 5-6, the right-hand part of the 
structure will undergo the displacements we! 
In accordance with the previous calculations, these displacements correspond 
to loads of the following form, in each of the bars 5-7, 6-7 and 6-8. 


If the fictitious supports of the knots 5 and 6 apply to them an unit moment 
L.,=1, the adjustment suitable to remove the moment is that which corresponds 
to the application of a moment L,=—1. This latter is accompanied by loads 


of the form +M/° and S/° in each of the three bars concerned. If the moment 
applied to the knots assumes any other value the loads are to be multiplied by L. 
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M!* and S/° are called the ** distributed loads due to the adjustment of the 
moment.’”’ 

The distributed loads corresponding to the adjustment of the N moment or 
S force are determined in a similar manner. ‘The verifications are similar to those 
made for the relaxations. 


sth Step: Transporting of the adjustment loads. 
The distributed loads being known in 5 and 6, there is no difficulty in deter- 
mining the transported loads in 7 and 8. 


Similar adjustments can obviously be done for the knots 3-4 or 1-2. Calcula- 


tions show that it is easier, although not necessary, to take as reference the 
knot with the greatest number of bars under consideration, 


14. RESOLUTION WITH ADJUSTMENTS. 
Three headlines will be added to each of the tables I (see Table I). 
Before relaxing either of the knots 5 and 6, the adjustment relative to them 
will be done. Therefore, the total loads applied to each are determined as 
previously, taking into account all the bars issued from them. The total loads 
on the whole equal 


- D5 (4) 

| 
They are calculated and conveniently written somewhere on the smallest ot 
the tables. The formulas are remembered by inscriptions in the convenient 


columns (lines 5-7). 
The loads corresponding to the adjustment of L, are obtained by multiplying 


L, by previously determined coefficients. These are written down on the fifth 
line, and the loads are written on the thirteenth line. The loads corresponding 


to the adjustments of N, and S, are calculated in a similar manner (lines 14 and 
15) using the convenient coefficients (lines 6 and 7). 
The distributed loads are added to the previously existing ones, and the trans- 
ported ones are re-written in the convenient tables. 
The process of relaxation starts with those new total loads. It proved to be 
convenient to follow this order in the calculations : 
1. Successive adjustments of 1-2, 3-4 and 5-6 (beginning at the outer end). 
2. Successive relaxations of the knots, beginning with the most heavily 
loaded. 
Repeating the whole process three or four times is sufficient to 
accuracy, 


get a fair 


For the example shown in Table I], it has been assumed that the successive 
operations are :— 
1. Fixed ends loads. 
2. Adjustment of 1-2 


3. Adjustment of 3-4, ending with the inscription of the transported loads in 
the tables of the knots 5 and 6. 
4. \djustment of 5-6 
Adding of all loads in every bar (eventually starting from the last 
double line). 
—Adding of these loads together (projections of the moments). 
Calculating of the total loads on the whole 5-6. 
Adjusting of LL, N, and S. 
Adding of the distributed loads to the previous sums, and of the trans- 
ported loads together. 


Inscription of the transported loads on the tables of the knots 7 and 8. 


5. Relaxation of the knot 5 (cf. Table I}. 
6. Relaxation of the knot 6, ete. 


— 
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IV. 
REMARKS AND CONCLUSION. 


15. REMARKS. 
If one of the loads, to be adjusted or removed, is small, its distribution may 
be postponed. 

If it is an adjustment load that does not matter since the adjusting is not 
obligatory. But, if it is a load that must be removed, it must be noticed that : 

the sum of the loads, after removal of the fictitious supports, equals the 
non-distributed load, instead of being zero. 

the non-distributed load must be added to a later load of the same kind 
and distributed with it. 

the twice underlined loads after distribution of the postponed load equal 
the opposite of it, instead of cancelling each other. 

hb. If only two or one of the supports of a knot are fictitious, the calculations 
are of the same kind as previously, except that they are much simplified, the 
number of simultaneous equations reducing to two or one. 

The same if, for a set of knots, only two or one adjustment is possible. 

c. It must be remembered that a consistent set of units must be used. If, for 
instance, the pound and foot are chosen, bending moments must be expressed 
in Ib. ft. Unit of slope must be the radian, and unit of translation the foot. 
But it is generally inconvenient to express the moments of inertia in ft.4; it is 
allowed to express them in in.*, provided that the modulus of elasticity is expressed 
in Ib. ft.?/in.". 

Moreover, if the structure is made of only one material, the value of FE has no 
influence on the repartition of stress. Any easy value, such as a power of 10, 
may be chosen. 

d. If the deformations of the structure are wanted it is easy to calculate them 
step by step, starting from the real supports, since the stress of each bar is 
known. This calculation may be simplified by tracing convenient curves (co- 
eficients of correction for the displacements as functions of the loads). 


16, CONCLUSIONS. 


The method described has many advantages of which these must be pointed 
out: 

i. \WWhatever is the degree of redundancy, the greatest difficulty lies in the 
resolution of sets of three linear equations with symmetrical coefficients. 

h. All the preliminary calculations are independent of the external loads, and 
thus common to all cases. If any alteration is brought to a part of the structure, 
only a part of these calculations must be modified. 

c. No calculation requires greater accuracy than the final result. For instance, 
all of them may be performed with a slide rule if no greater accuracy is wanted. 
In the final tables, all figures corresponding to an accuracy greater than the 
required one, may be dropped; this allows the calculator to look very roughly 
on his slide rule for the last cycles. 

d. Nearly every step of the calculation can be checked by a simple verification. 
Moreover, if an error is found, after, in one of the final tables, all subsequent 
calculations, need not be changed. It is enough to put on the structure an 
external load which cancels the error and to distribute that load in the usual 
way. It follows that the results are very reliable. 

¢. Finally, it should be noticed that every part of the process has an easily 
understood physical sense. ‘Thus, no large errors can be made as in the strain 
energy-method, where the calculator is unable to understand simply the physical 
meaning of the successive steps of his work. 


JEAN DRYMAEL. 
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APPENDIX. 
THe ELEMENTARY BEAM. 
By J. DrecLorptT, Ingénieur Civil A.1.Br.-Brussels. 
1. .ASSUMPTION. 
It is assumed that the moment of inertia varies along the beam following a 


hyperbolical law (Fig. 6). It is thus possible to express it as a function of its 
mean value, 


l 
and of the ratio 
R 
+ 


It is easily verified that J equals 


{1 = / — (2/0) 7} 
2. First PROBLEM. 


Loads to be applied on the free end of an elementary beam, built-in at the 
other end, in order to produce given displacements. 


z+ 


> 


Fic. 6. 

The beam AB is built-in at b and free at A. An upwards shear S,, and a 
bending moment M,, are applied at A (Fig. 6). Along the beam the shear will 
be S,, and the bending moment 

Sgp- 


The slope of the elastic line is obtained by integration 
x x 


: ) 
AB) 


El 


Ing t (M/EI) Ing t 
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The deflection is found by further integration. 


w=w,+t+ | 

The reverse of I being a linear function of 2, the integrations are simple and 

enable one to find the slope and deflection of the elastic line at B. By expressing 
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that both are null, two equations are found which enable one to write the loads 


M,,; and S,, in the forms 
= wA 
. 


By the law of reciprocity 


\ | 
| 
Nw 
\ 

\ 
| R | 

-1 -08 -06 fe) +02 ¥06 +08 
Bic: 


The three coefficients are functions of J and R. It is easily verified that they 
are given by 


3 ) (2—R)/2 (3-R?) } 
. ( (1—8*) (5—8)/(3— B*) } 
with 
(M,,)°8*=4 EJ/I 
_wA*—S_ _iAB* — 
The latter values are those which correspond to R=o (I constant). They are 


simply calculated and the coefficients by which they must be multiplied when R 
assumes any value are plotted against ? on Fig. 7. 


3. SECOND PROBLEM. 


Reactions on both ends of an elementary beam fully built-in and submitted to 
a linearly distributed load. 

Any linearly distributed load can be considered as the sum of two triangularly 
distributed loads (Fig. 8). It is thus sufficient to study the reactions on A and B 
corresponding to these simpler distributed loads. For the first the load along the 
beam equals 


p=(x/l) 
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The shear and bending moment are 
+ (2° 1) Ppa 
The slope and deflection being zero at A, it is easy to find by integrations tl 
values along the beam. By expressing that both are zero at B, two equati 
are found which enable us to express M,,?3% and Sy,?®* as functions of p, 
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The balance o 


the beam is expressed by the following equations : 
> pBALS pBA 4 = 


 pBA— BA pBA 21, 
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SO, 


Sal 
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These equations give the values of the reactions on B due to pg. 
pBA—S_ 
(9+ 3h 


BAX — 
{ Spa! = — (7/20) pg, 


( 1/20) p 


with 


The coefficients of correction are given by Fig. 10. 
+ +08 +06 +O, +02 - 08 
R (fad) 
2 
19 
{LBA 
16 BASH 
aTtBA 
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Q R | 
=| =08 =06 =Oh =02 0 FOR F06 ¥08 
FIG. To. 


To consider the triangular load p,,, it is enough to permute A and B 
so, the sign of R is changed. 


Joing 
R . 
tis zero, equal :— 


Thus the reactions of the supports 4 and B, when 

= — (7/20) Pag - : 
\ = (1/20) pag. 1 (1/30) 
The coefficients of correction, when R assumes any value are 


given by the 
same curves as previously, provided that the value of R is read on 
instead of the bottom one. 


the top scale, 
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NUMERICAL EXAMPLES IN ELEMENTARY .\IR NAVIGATION. 
G. K. Chatworthy, B.Sc. Sir Isaac Pitman and Sons, Ltd. 1940. 2/6 net. 
This book provides a series of excellent practical examples for instructors and 
students in air navigation. Over 200 practical questions are given covering every 
type of problem with which a student may be confronted. Questions on the uses 
of the Appleyard scale, the ** first,’’ second,’’ third’? and fourth tri- 
angles, wind finding by ** double drift or three course method and wind 
finding *’ by ** pin pointing *’ on a map are among a few of the subjects of this 
excellent series of questions. Answers to all the exercises are given at the end 
of the book, and wisely are given only to the accuracy required in actual practice. 
These examples will be found of very real value to students of navigation. 


oe 


PHYSICAL SCIENCE IN Art AND INDUSTRY. 
E. G. Richardson, B.A., Ph.D., D.Sc. The English Universities Press, 
Ltd. 1940. 15/- net. 

Dr. Richardson’s previous book, Physical Science in) Modern Life, is’ well 
known, and its readers and others will welcome this new work. It is a book 
which is concerned with showing how physics has aided industry and art. It is 
a book tor scientists and physicists themselves as well as those who are interested 
in all new developments. 

Dr. Richardson has ranged over a wide field, from aeronautics to architecture, 
from pottery to music, and has written a book of absorbing interest. The 
first three chapters deal with the physics of locomotion, railways and_ cars, 
ships and aeroplanes. In these chapters the development of all three forms of 
locomotion is dealt with and some of the ingenious methods which have been 
tried to increase efficiency, as the atmospheric railway, the Kearney tube, jet 


propulsion motor cars, and the Flettner ship. The reviewer does not agree, 
however, with the statement on page 61 that the helicopter has only performed 
a few inelegant and unsteady hops. The helicopter is, indeed, in an advanced 


stage of progress and there is every sign that it will be among the successful 
aircraft of the future. 

Chapter IV covers the ground of communication in all its forms, from the 
chain of beacons which announced the sighting of the Armada to modern 
telephony. But surely Dr. Richardson is wrong when he says, ‘‘ Readers ot 
Carlyle will remember his vivid description of the chain of beacons which 
announced the sighting of the Armada.’’? Lord Macaulay wrote, ‘* The red glare 
on Skiddaw roused the burghers of Carlisle.”’ The physics of memory are also 
worth studying ! 

Physics and pottery is the subject of Chapter V and physics and the culinary 


arts of Chapter VI. The making of dough and jelly and tests for fresh eggs 
and hard boiled eggs take on a new aspect. The importance of physics in 


agriculture is stressed in Chapter VII, from the apparently simple process ol 
ploughing the land correctly to silos. Chapter VIII on river hydrology is ol 
considerable interest. Here it is explained how the amenities of fishing in a river 


may be preserved when the river is dotted along its length by hydro-electric 


stations, and the problem of erosion and silting. Both the latter are of great 
importance to agriculture. Erosion, indeed, has laid waste great areas in 
America and special measures are now urgently being taken to preserve the soil. 
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In mining physics has proved of remarkable value. The tubs as they come 
out of the pit pass through a ray of light which actuates an electric circuit and 
automatically counts the tubs. By an ingenious variation of the position of ihe 
light only full tubs are counted, if desired, and empty ones ignored. Automatic 
smoke, dust and fire warnings, miners’ safety lamps, and gas detection have all 
been vastly improved by application of the methods of modern physics. 

Chapters X, XI and XII deal with the physics in fine art and archeology, 
physics of building materials and architectural physics. Problems of lighting, 
sound, air conditioning, and the strength of building materials are among the 


subjects dealt with in these chapters. The last three chapters deal with such 
widely separated subjects as science and the musician, textile physics, and physics 
and the art of war. To each chapter Dr. Richardson has given a list of his 


sources of information so that the reader may follow up any point in detail. 
This is a more advanced book that Dr. Richardson's previous work, ‘* Physical 
Science in Modern Life.’’ It is one for a teacher of physics to have on his 
shelves and one for the student to study closely, a book of wide and varied interest 
and well written. 


MECHANICAL TESTING OF METALLIC MATERIALS. 


R. A. Beaumont, A.F.R.Ae.S. Sir I. Pitman and Sons, Ltd. 19q¢. 
6/- net. 


This is the newest of that very excellent series of books for ground engineers 


published by Sir Isaac Pitman and Sons, Ltd. Although the series was originally 
written with the ground engineer in mind these books can be thoroughly recom- 


mended to all aeronautical students, for among them they contain the very 
foundations of practical sound commonsense engineering. 

Particularly this latest volume is recommended to students of engineering. 
It is based upon lectures and practical demonstrations given by the author at the 
Mechanical Testing Laboratory of the College of Aeronautical Engineering at 
Chelsea. The author very rightly remarks in his preface that ‘‘ it has not yet 
been possible to obtain, in any one publication, precise information about, and 
an appreciation of, the various factors involved in the carrying out of such 
routine tests as are calied for in the British Standard Specifications. This is 
particularly the case when considering proof stress.”’ 

Chapter I deals with tensile tests. Mr. Beaumont very wisely makes use of 
numerical examples to demonstrate the formulz used throughout the book. 
Nothing is more helpful to the student than the immediate use of a formula, 
following that formula. It is far more effective than the working out of numerical 
examples at the end of a chapter. 

In Chapter I] the very important proof stress determinations are dealt with 
at length and in detail. The meaning of proof stress is more clearly explained 
than the reviewer has seen elsewhere and the four-point method of its determina- 
tion is very fully described. It is refreshing to read the constant warning given 
in these chapters by the author, ‘ 

A\ description of the use and working of types of tensile testing machines and 
instruments is given in Chapter III] and hardness tests in the following chapter. 
The detailed description of the Brinell hardness tests will enable the student to 
avoid mistakes which he would otherwise find so easy to make. The Vickers 
diamond pyramid hardness test is explained and described in this chapter and 
the following chapter carries on the hardness tests with details of the Rothwell 
test, the Firth hardometer, the Firth-Brown variable load hardometer and notched 
bar impact testing. Chapter VII covers tests on sheet, strip, wire and tube, 
abstracted from British Standard Specifications, and the final chapter on radio- 
logical testing and crack detection. 

\ very useful book. 


check your results.”’ 
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METHANE. ITs PRODUCTION AND UTILISATION. 
J. P. Lawrie. Chapman and Hall, Ltd. 1940. 6/- net. 

The internal combustion engine in war makes such overwhelming demand 
upon the necessary fuel supply for its use, that it is only by severe restriction 0 
the non-military user, that the demand can be satisfied. In the case of severe 
necessity the private owner and business user may, indeed, find himself complete): 
cut off from petrol supplies, and it becomes an urgent problem to find some othe: 
fuel which may be obtained at a reasonable price and in reasonable quantities 
to keep the non-military side of a nation working. 

Methane, the common “* fire damp ”’ or ‘* marsh gas *’ is widely distributed 
and can easily be produced from coal gas, of which it forms an important 
constituent. The author gives some remarkable figures of its natural occurrence. 
‘* It is known,’’ he writes ‘‘ that two mines produce methane of the order of 
S0-go per cent. purity, the quantities being 10,00c,o00 and 1,000,000 cubic fect 
per day. (This is equivalent to 60,000 and 6,000 gallons of petrol respectively. ) 
There are 1,250 collieries in this country, and the total quantity of gas available 
is thus considerable.’’ He reckons that the loss by waste of methane amounts 
to the equivalent calorific value of more than 1,000,000 tons of coal annually, 
for gas escapes in seams of coal being worked. Five anthracite collieries in 
west Wales alone reckon to discharge nearly a thousand million cubic feet of 
gas, equivalent to nearly 7,co0,000 gallons of petrol. 

‘‘ It is reliably stated that an average of 10,000,000 cubic feet of coke-oven 
gas are available daily,’’ adds the author. ‘* The greater proportion of this gas 
is blown to waste. Coke-oven gas thus offers a potential source of methane— 
to the extent of 2,8c0,0c0,c00 cubic feet per annum. This represents 14,000,0c0 
gallons of petrol, which figure is about 1 per cent. of the country’s peace time 
needs.”’ 

There are other sources of supply which need not be detailed here, but from 
them all it is estimated that ** methane can supply not less than 7 per cent. of 
the country’s peace time requirements of fuel substituting petrol. The actual 
figure is, in fact, probably much higher than this.” 

Methane has a high anti-knock value, and its calorific value is about 17 per 
cent. greater, weight for weight, than petrol. Its use in aero engines would 
mean longer range. Germany and Italy have both recognised its importance 
and many thousands of petrol-driven vehicles in both countries have been con- 
verted to its use. 

The author of this book, Dr. Lawrie, is the editor of ** Chemical Products 
and the Chemical News,’’ and he writes with a knowledge and conviction which 
makes one wonder if this country is not one of the most wasteful countries in 
the world. 

It is, indeed, rather horrifying to read this book and realise the many millions 
of gallons of potential fuel for internal combustion engines now being’ literally 
wasted annually. The more one comes in contact with the brains of industry 
the more one feels, and feels deeply, how difficult it seems to force new ideas 
forward and above all to overcome the vested interests of big business and 
hide bound mentalities which lack any imagination. 

Here is a book which one hopes will fall into the hands, sooner or later, of a 
Minister of Transport, who will over-ride the objections he will probably get 
from those whose chief object in life is to object. 
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